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Frontispiece 

Barohoini Natural Bridge (Piute for rainbow); northwest of Navajo Moun¬ 
tain, southern Utah. Work of erosion in LaPlata Sandstone. Height 309 
feet; width between abutments 278 feet; causeway at top 33 feet wide. 

(Photo by H. E. Gregory.) 
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PREFACE TO PART I, SECOND EDITION 


PREFACE TO THE SECOND EDITION 

A new edition of a textbook, especially in a scientific subject like 
Geology, in which fresh material is constantly appearing, demands 
no particular explanation. The plan and scope of the work remains 
unchanged, and in the revision and the addition of new matter in 
many places the effort has been made to keep the length of the 
work essentially the same.* 

The author is indebted to various friends and correspondents for 
corrections, helpful criticisms, and suggestions for betterments,, to 
whom he desires to extend his thanks and appreciation for the in¬ 
terest they have shown and the pains they have taken in the mat¬ 
ter. He would like to mention in this connection Mr. C. K. Need¬ 
ham, Dr. H. H. Robinson, who redrew several figures, and espe¬ 
cially Prof. Douglas W. Johnson of Columbia University for many 
valued suggestions. 

In like manner his thanks are due also to his colleagues. Professor 
H. E. Gregory, Professor A. M. Bateman and the late Professor 
Joseph Barrell. 

Owing to illness, the revision of the proof has been kindly under¬ 
taken by Professor Schuchert and Miss Clara Mae Le Vene. 

L. V. PIRSSON. 

Sheffield Scientific School of Yale University, 

New Haven, Conn., 

May, 1919. 

FROM THE PREFACE TO THE FIRST EDITION 

For many years the author of this book has been called upon to 
give the first course in Physical Geology to large classes of students, 
among whom are to be found those pursuing courses leading to pro¬ 
fessional work in various branches of Engineering, Mining, Metal¬ 
lurgy, Forestry, Chemistry, etc., and in Geology itself, to whom 
therefore the subject has a direct technical value or serves as a basis 
for further technical studies. Naturally these students find a first 
general course in Physical Geology one of cultural interest as well. 

In the pursuit of this work the writer has long felt the need of a 
* In the present reprinting of this edition. Chapter XVI, on Ore Deposits, 
has been rewritten by Professor A. M. Bateman. 
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PREFACE TO PART I 


textbook which, while presenting the broad facts and principles of 
the science from the latest viewpoint, should have a character 
somewhat different, and a balance more even in the subject matter 
composing it, than is to be found in available texts. 

Although original matter or views of problems have been incor¬ 
porated in places, it is obvious that the preparation of a work of 
this nature must mainly be one of selection of the subject matter 
from published material. It would be impossible to give the greatly 
varied sources from which it has been drawn, but it may be men¬ 
tioned that the general treatises of Dana, Geikie, Chamberlin and 
Salisbury, Haug, Suess, and others, together with the wealth of 
material embodied in the reports and bulletins of the United States 
Geological Survey, have been freely used, as well as other works in 
special fields too numerous to mention. 

For efficient help, freely given, in the reading and preparation of 
different parts of the text, the author wishes to render grateful ac¬ 
knowledgment to his friends and colleagues. Professors J. P. Iddings, 
J. D. Irving, W. E. Ford, and especially to Professor Joseph Barrell, 
whose criticism and advice were of the greatest service. 

In the matter of illustrations the writer desires to express his 
obligations especially to Dr. George Otis Smith, Director of the 
United States Geological Survey, who placed at his disposal its great 
mass of photographic material, the proper credit for these photo¬ 
graphs being given in each case; to Mr. J. J. H. Teall, recent Di¬ 
rector of the Geological Survey of Great Britain; to Professor G. P. 
Merrill of Washington, D. C.; to Professor J. E. Talmage of Salt 
Lake City; to Mr. G. W. Grabham of Khartoum, and to many other 
friends whose names are credited in each case. 

L. V. PIRSSON. 

Sheffield Scientific School of Yale University, 

New Haven, Conn., 

Dec., 1914 . 

































PREFACE TO PART II 


Ever since 1915, when my Text-book of Historical Geology first 
appeared, there has been a demand for a small book treating of the 
earth’s history, to be used in colleges where Geology is taught to 
Freshmen, or where the curriculum does not allow time enough for an 
adequate presentation of the subject. On the appearance of the 
enlarged second edition, this demand seemed likely to become in¬ 
sistent, and since the history of the earth is so wonderfully interest¬ 
ing and the basis from which all studies of nature and human phi¬ 
losophy should proceed, I decided to try to meet it. Therefore, 
while wintering at Tucson, Arizona, I spent some time selecting 
from the large book such material as seemed to embody the limit 
of information necessary to an adequate understanding of the rudi¬ 
ments of the earth’s history. This rough manuscript, which totalled 
some 300 ])rinted pages, I sent to my secretary. Miss Clara Mae 
LeVene, who has aided me in the preparation of both editions of 
the larger book, telling her to rewrite it in places, if necessary, but 
above all, to do what I could not, namely, to cut it down to about 
200 pages. On my return to New Haven, I found that she had so 
condensed and rearranged the l^ook as to bring it down to 225 
pages, without, as it seemed to me, omitting any of the essential 
information. I then took the greatly reduced manuscript, and while 
readjusting it, learned from what had already ])een done how to cut 
out still more! The residue is the Outlines of Historical Geology 
which forms Part II of the present volume, and which we hope will 
be acceptable to those teachers who have asked for a shorter book 
on which to base their coui’se in the subject. 

I am deeply grateful to Miss LeVene for her great assistance, 
and my thanks are also due to my colleague. Doctor Carl O. Dunl)ar, 
who teaches Historical Geology at Yale University, and at whose 
suggestion some of the changes have been made. 

CHARLES SCHUCHERT 


Peabody Museum of Yale University, 
New Haven, Connecticut, 

June^ 1924 

vii 

































TABLE OF CONTENTS 


PART I. —PHYSICAL GEOLOGY 

DIVISION I. —DYNAMICAL GEOLOGY 

Chapter Page 

Introduction. 3 

I. General Considerations; Work of the Atmosphere. ... 8 

IT. Rain and Running Water. 31 

III. Lakes and Interior Drainage. 79 

IV. The Ocean and Its Work. 90 

V. Ice as a Geological Agency. 118 

VI. Underground Water. 153 

VII. The Geological Work of Organic Life. 171 

VI11. Igneous Agencies; Volcanoes and Hot Springs. 194 

IX. Movements OF THE Earth’s Outer Shell; Earthquakes... 235 

DIVISION n. — STRUCTURAL GEOLOGY 

X. General Structure and Properties of the Earth. 258 

XL Sedimentary Rocks. 271 

XIL Igneous Rocks. 312 

XIIL Metamorphic Rocks. 335 

XIV. Fractures and Faulting of Rocks. 354 

XV. Mountain Ranges; Their Origin and History. 373 

XVI. Ore Deposits. 409 

Appendix. 437 


PART IL —OUTLINES OF HISTORICAL GEOLOGY 

XVII. Historical Geology. 455 

XVIII. The Changing Aspect of the Earth’s Surface. 457 

XIX. Evolution, the Constant Change of Living Things. 469 

XX. Fossils, the Geologist’s Time Markers. 474 

XXL The Geologic Time-Table and the Age of the Earth .... 480 

XXII. The Earth before Geologic Time. 48G 

XXIII. The Archeozoic Era. 492 

XXIV. The Iron-Making Proterozoic Era. 498 

ix 












































X 


TABLE OF CONTENTS 


Chapter Page 

XXV. Cambrian Time and the Dominance of Trilobites. 507 

XXVI. Champlainian Time and the Reign of Invertebrate 

Animals. 516 

XXVII. Silurian Time and the First Air-Breathing Animals. 525 

XXVIII. Devonian Time and the Dominance of the Fishes. 534 

XXIX. The Mississippian Period and the Climax of Ancient 

Sharks. 544 

XXX. The Pennsylvanian Period, the 44me of Greatest Coal 

Making. 550 

XXXI. Permian Time and Its Glacial C'limate. 561 

XXXII. The Coming of Land Life. 568 

XXXIII. The I^eginning of Mesozoic Time: the Triassic Period. . . . 577 

XXXIV. Land Reptiles and Toothed Birds of Medieval 44me. 588 

XXXV. The Jurassic Period and the Many Kinds of Reptiles. . . . 596 

XXXVI. Cretaceous Time and the Appearance of Floweihng 

Plants. 604 

XXXVII. The Dawn of the Recent in Cenozoic Ti.me. 618 

XXXVIll. The Evolution of Mammals and the Rise of Mentality in 

THE Cenozoic. 629 

XXXIX. The Evolution of Horses, Elephants and Other Hoofed 

Mammals. 635 

XL. Pleistocene Time and the Last Glacial Climate. 644 

XLI. Man’s Place in Nature. 655 


















































OUTLINES OF 

HISTORICAL GEOLOGY 


CHAPTER XVII 
HISTORICAL GEOLOGY 

Physical Geology, as we have learned in the first part of this book, 
deals with the architecture of the outer shell of the earth, and with 
the geological processes which have operated to bring it about. 
Historical Geology, on the other hand, studies the results achieved 
by these forces during the past geologic ages, presenting the pro¬ 
cession of important events, physical and vital, that the earth is 
known to have gone through. It carries the history of the earth 
back of the human record, through millenniums whose only annals 
are written in the rocks and in the life of the past which they contain. 
This geologic history is, however, but an imperfect chronicle, abound¬ 
ing in omissions or alterations of record, due to vicissitudes which 
the rocks have suffered. Not even all the grander features are yet 
known, and of the detail but little, despite a century or more of 
study by geologists and paleontologists in all lands. 

The keynote of all geologic history, whether of physical events or 
of life, is change. On the physical side, the earth has, we believe, 
progi’essed from a nel^ulous state to one with a more or less solid 
crust, which, by attaining more mass, developed the power of holding 
to itself an atmosphere, and then took from this atmosphere the 
water to fill its oceanic basins. Geologic time, properly speaking, 
]:)egins when the earth has ceased to grow, and when the rain and 
the wind commence their ages-long task of wearing down the high 
places and transporting them into the low ones. The lands are 
altering slowly but continually, due not only to the work of these 
atmospheric agencies, but to adjustments taking place within the 
shrinking interior of the earth. The oceans periodically spread over 
them as shallow seas, and the floods are as often withdrawn, but 
there is no general interchange in position between the coritinents and 
the basins of the oceans. Great and grand ranges of mountains are 
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raised many times near the borders of the continents, only to be 
broken up little by little and spread out as sheets of sediment over 
the bottoms of the adjacent seas. “ Rocks fall to dust and moun¬ 
tains melt away.’^ Originally the continents were vastly larger and 
trended east and west; now they strike north and south, due to 
vast founderings of lands into the depths of the oceans. The oceanic 
basins, in other words, grow steadily larger at the expense of the 
lands. 

Just as the surface of the earth is in a continual state of slow 
change due to internal alterations and gravity, so in consecpience 
must be the atmosphere, since it results from the earth’s exhalations. 
When the lands are high, igneous activity is greatest, and deep- 
seated rock materials are injected into the earth’s crust, lavas and 
volcanic ashes ai’e spread over it, and new water vapor and gases are 
added to the atmosphere. 

All this crustal and atmospheric instability results in changing 
environments for the plants and animals, in greatest degree among 
the organisms of the lands, and least so in the oceanic realms. Life, 
])eginning prolmbly in the seas, at some eaiJy time when they first 
l)ecame fit for its ha])itation, developed into an astonishingly great 
variety of marine invertebrates, and out of one of these stocks came 
the little lancelet, “ the prophecy of a fish.” Spreading up the 
rivers, these lancelets doubtless developed into the fresh-water 
fishes, which are present early in the fossil record. Rivers, however, 
are treacherous al)odes for life, since they arc dependent upon rains 
and humid climates, hence in places the fishes found their water 
homes drying up around them, and were forced out upon the lands, 
there to start the long upward evolution toward the higher verte¬ 
brates. This evolution has not, however, been a steady upward 
process, ]:)ut through ceaseless trial and failure and the consequent 
weeding out of the less fit, there arise ever more perfected oi*ganisms, 
with greater and greater mentality, to culminate finally in man. 
























CHAPTER XVIII 


THE CHANGING ASPECT OF THE EARTH’S SURFACE 

As we saw in the introductory chapter, one of the greatest truths 
of Geology is that the earth’s surface is continually undergoing 
change. The oceanic basins and the continents are now generally 
held to have been in the main, although not at all in detail, permanent 
features of the earth’s surface since very early in its history. During 
the long course of geologic time, the oceans have overflowed the lands 
in recurring cycles of advance and retreat, and over areas varying 
from small overlaps along the borders to 50 per cent of the interior 
portions of the continents, but there has been no complete inter¬ 
change between them. Geologists generally agree that the oceanic 
basins are vast sinking fields because of the heavier materials be¬ 
neath them, and speak of them as negative areaSj because the sum of 
their crustal movements is downward. The continents, on the other 
hand, are rising masses of lighter rocks, called 'positive areas, because 
the sum of their movements is upward. In preparation for our study 
of the interrelationship of these topographic features, we shall 
examine each of them a little more in detail. 

Continents. — Dana defines a continent as “ a body of land so 
large as to have the typical basin-like form — that is, independent 
mountain chains on either side of a low interior.” In North America, 
for example, the Pacific mountains face the Pacific Ocean, the 
narrower Appalachians margin the continent on the Atlantic side, 
and between the latter and the Rocky Mountains lies the vast 
continental basin. 

The continents occupy about 30 per cent of the earth’s surface, 
or some 57,000,000 square miles, as against 70 per cent, or about 
139,000,000 square miles, taken up by the oceans. To the north 
of the equator occur about three-fourths of the total land areas 
(42,000,000 square miles), grouped about the small Arctic Ocean. 
Accordingly the northern hemisphere is also known as the land hemi¬ 
sphere. Over the south pole lies the large and high continent 
Antarctica, and surrounding it is the Antarctic Ocean, whose waters 
continue with undefined boundaries far into the northern hemisphere 
as the Pacific, Atlantic and Indian oceans. The Pacific Ocean alone 
is greater by 10,000,000 square miles than all the lands combined. 
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Most of the present continents have been formed around ancient 
protuberances, the nuclear lands, the primeval, immovable corner¬ 
stones of the earth (Emerson). The word shield has been applied 
to them, because the two best known examples, the Canadian and 
Baltic masses, have the form of a depressed shield. Nucleus is, 
however, an older and a better term. 



Fig. 312. — Stereographic map of the western^hemisphere, showing North and South 
America, or the occidental lands, and Antarctica. The nuclear lands, or shields, 
indicated in outline: 1, Canadis; 2, Columbis; 3, Antillis; 4, Amazonis, in¬ 
cluding Guianis; 5, Platis. 

There are at least thirteen of these ancient land masses, but we 
need mention here only those with which we are to lie mostly con¬ 
cerned in this book: in North America, Canadis^ Columbis and 
Antillis; in South Ameiica, Guianis-Amazonis and Platis, (See 
Fig. 312.) 

These so-called nuclei were the first parts of the crust to rise per¬ 
manently above the oceanic level. Their rocks are now more or 
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less decidedly deformed and changed, due to vast granite masses 
that welled up hot into the sediments and with them rose into either 
mountains or plains. Being the oldest surficial rocks, they have 
been longest subject to erosion, and in them we therefore look miles 
deeper than elsewhere toward the heart of the earth^s crust. Time 
and time again the oceans spread as interior seas over gi’eat parts 
of these cornerstones, but only rarely have they been refolded into 
mountains. Thus in the course of geologic time they have been 
transformed through erosion and sedimentation into great interior 
plains that are more or less completely framed in by periodically 
rising highlands called borderlands (see p. 466). 

Even though these ancient nuclei were constantly wearing away, 
for ages there was on them but little of soil and no life of any 
kind, and it was not until the greater part of their history had passed 
that the lowlands became scantily clad with a feeble vegetation. 
These primitive plants, developing into the ancient diversified floras, 
provided a food supply for animal life in turn. Of all the environ¬ 
ments for life, that of the lands is the most trying, because of the 
constantly changing topography, and it was the struggle ho meet 
these new conditions that made the land life the most significant 
factor in organic evolution, although life probably originated in the 
marine waters and is still there in greatest variety. With a food 
supply established on the lands, certain of the invertebrate stocks 
took up their abode here, the rivers became peopled with fishes, and 
in desert areas, due to the annual drying up of the streams, these 
finned vertebrates changed gills into lungs and transformed them¬ 
selves into air-breathing amphibians, the progenitors of the later 
reptiles. Out of the reptilian world, after the flowering plants 
became dominant, upwelled the modern birds, mammals and man. 

Oceans. — Oceans are the beginning and end of the rivers of the 
lands. The word ocean now has reference to the connected bodies 
of marine water that envelop the earth, of which there are five. 
Pacific, Antarctic, Atlantic, Indian, and Arctic. The mediter¬ 
raneans are also to be considered as oceanic areas, since they are 
not only large but also very deep, though never so deep as the deepest 
parts of the oceans. They are, however, long and narrow and more 
or less widely enclosed by continents. The typical example is the 
Roman Mediterranean lying between Eurasia and Africa; it figures 
largely in Historical Geology and we shall have much to say about 
it under the name Tethys (Fig. 349). 

The mean depth of the oceans is placed at 12,000 feet, and the 
volume of all the oceanic waters is said to be fifteen times greater 
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than the mass of land protruding above seadevel. If all the deeper 
parts of the oceans were filled by solid material up to the estimated 
mean depth, it is said that there would result a universal ocean, 
covering the entire earth to a depth of 1.5 miles. These facts are 
recited here not only to impress the student with the immense 
volume of water, but further to show, since the waters are mobile 
and cover nearly three-fourths of the earth’s unstable surface, why 
it is that the oceans are ena])led so readily to overflow the lands upon 
relatively small changes in the elevation of the crust. As the oceans 
are all connected, a movement of the bottom of any one basin affects 
the oceanic level in all, raising or lowering the strand-line everywhere 
simultaneously. 

The upper reaches of the oceans provide a very favorable habitat 
for organisms, because in them the environmental conditions are 
much more constant than on the lands or in the seas. Their tem¬ 
perature and salinity are more or less equalized by the warm currents 
which the trade winds cany from the tropics against the eastern 
half of the continents, there to be deflected by the varying shapes 
of the lands; these currents also spread widely the minute or larval 
stages of the marine animal life. The plant life finds the sunlight 
which is essential to it as far beneath the surface as GOO feet. Due 
to these conditions, the sun-lighted water of the oceans teems with 
micro-life, consisting of the most primitive plants and animals, many 
of which are luminescent This, the plankton of oceanographers, 
has been described as the pastures of the sea,” since upon it all 
other oceanic life is directly or indirectly dependent. Even in death 
it rains into the deeps, there to feed the relatively few strange forms 
which have adapted themselves to the cold abyssal waters. 

The oceans also furnish a home to myriads of fishes, and at times 
in the earth’s history they have been dominated by great reptiles, 
none of which now survive. The highest class of vcrtel)rates, the 
Mammalia, are represented in the present oceans by such forms as 
the whale and walrus. 

Seas. — In general use, the word sea is interchangeable with 
ocean, but in Geology it is more often used in a restricted sense 
and in its original meaning. It appears to have originated with 
the peoples of northwestern Europe who were familiar with the North 
Sea and the Baltic Sea. These are marginal and inland l)odles of 
marine water that in the main are under 300 feet in depth, and 
lie upon or within the continents; hence they contrast distinctly 
with the far deeper and larger mediterraneans and the abyssal 
oceans. 
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The marginal or shelf seas lie upon the borders of the continental 
platforms; examples are the North Sea, and the Yellow Sea of 
China. 

Other marine waters connected with the shelf seas or oceans, but 
situated wholly within the continental platforms are called epeiric 
seas. Examples of these are Hudson Bay, the Gulf of St. Lawrence 
and the Baltic Sea (see p. Ill and Fig. 313). As a rule, these 
waters do not have the normal salt content of oceans (3.5 per cent), 
but are more or less freshened. In arid places they are, however, 
far more saline and at times pass into salt-depositing seas. It is 
the areas of these seas that have in times past experienced great 
changes through variations of sea-level, sometimes being more or 
less completely emptied of their water, or filled with sediments and 
turned into land. 

The seas are the essential recorders of earth history. At present they 
occupy a little more than 5 per cent of the earth^s surface, or about 
10,000,000 square miles, but in the past they have flooded the North 
American continent variably to about one-half its areal extent. In 
fact, almost all of Stratigraphic Geology is a study of the sediments 
of epeiric seas, while it deals little with those of the shelf seas and 
scarcely at all with the ocean deposits or oozes. The deposits made 
on dry land, the continental deposits, are of scattering occuiTence 
and are in addition frequently devoid of animal remains until we 
come to more modern geologic time. When remains of extinct land 
life are present, they are of marked import, but they lose their 
chronogenetic value the more one goes back into geologic time. 

The seas are wholly transparent to the sunlight; accordingly 
they constitute the only marine area where the bottoms are more or 
less covered with ground-dwelling plants, and as the majority of 
animals feed upon such plants, their greatest abundance is in these 
waters. On the other hand, as the seas are adjacent to the lands, 
receive the rivers, and feel the full effect of the waves and tides, it 
is natural that they should vary greatly in temperature, salinity, 
I)ottom scour and sedimentation. Since the oceans are mobile, 
moreover, any movement within the earth’s mass is reflected by them 
and causes the seas to become shallower or deeper, or even to be 
transformed into dry land. Because of these constant changes in 
the physical, chemical and organic environment, the epeiric and 
shelf seas are the scene of severe struggles among their inhabitants, 
and consequently are the principal areas of marine organic evolution. 
For this reason they are sometimes referred to as the cradle of 
evolution.” They are not only the regions of greatest abundance of 













Fig. 313. — Lands (white), seas (dotted), and oceans (white). The areas of the shelf and epeiric seas are shaded in dots, and the 

largest relic seas are in solid black. 
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bottom-living life, or benthos, but also the ones from which all the 
other water bodies of the world have been colonized. 

The life habituated to shallow water l)ottoms can, as a rule, spread 
only throughout the shallow seas and along the shelf seas bordering 
the continents, never across the deep and cold ocean bottoms. Nor 
can it spread directly across the ocean surface, and even during the 
floating larval state there is usually not time enough for it to be 
conveyed to the far away shelf seas. It is, however, transported 
far inland with the spread of these shallow seas. 

Periodic Spread of the Oceans over the Lands. — The many 
changes which the geography of the earth has undergone are due 
mainly to the fact that the surface of the earth and the oceanic level 
ai*e at times in decided motion: ages and cycles of Nature in cease¬ 
less sequence moving.” These crustal oscillations are not caused by 
heterogeneous and unrelated movements, but are connected, in that 
ai’eas of elevation and depression remain as such during more or less 
long stretches of geologic time. Not only do the lands move up and 
down, but it is also now cleai* that the ocean bottoms are periodically 
more or less in motion. For these reasons, the oceanic level in 
relation to the continents is inconstant, and the marine waters 
spread over the continents. The movement of the ocean waters may 
be of small and narrow extent, due to local warpings of the surface, 
or may spread over areas of great magnitude, in consequence of 
marked crustal deformation and the filling of the oceans with land 
detritus. 

It is now known that the oceans have spread periodically and 
more or less widely over the North American continent at least 
twenty times. In a broad way, it may be stated that the floods 
begin and end with shelf seas marginal to the continent and occupying 
between 1 and 5 per cent of the total areas of the continental plat¬ 
forms, the conditions thus being not unlike the present conditions of 
overlap; while the greatest inundations are of the interior or epciric 
seas that cover from 12 to about 50 per cent of the continent. There 
is a certain amount of rhythm in these periodic movements, and this 
has been used, as we shall see in Chapter XXI, to divide the geologic 
sequence into systems of rocks or periods of time. 

As the oceans and seas are all connected one with another, and are 
also the receivers of most of the land wash, it follows that a displace¬ 
ment of the strand-line anywhere, through any cause, must be trans¬ 
mitted to all marine waters. It has been calculated that if the 
present protuberant land masses were transferred to the oceans the 
general sea-level would be raised about 650 feet, and therefore much 
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of the North American continent would be flooded to a depth of at 
least 200 feet. 

Under the waters there is continuous sedimentation, and they 
abound in more or less of evolving life that is most advantageously 
situated for burial and preservation; hence the marine stratigraphic 
sequence is the least l^roken of the several kinds of historic records 
accessible to geologists. It is therefore apparent why the major 
portion of the earth’s chronology depends for its determination upon 
the marine sediments. These sediments, except in so far as they are 
later eroded, record the extent of the transgressions, and their ph^^si- 
cal character, something of the topographic form of the adjacent 
lands, with a hint as well of their climates; and through their fossils, 
or entombed life, they establish not only the chronology from place 
to place, but the sequence of time everywhere on the earth as well. 

The Changing Topography of North America 

Our study of the rock records shows us that the continents are 
continually undergoing change; they are from time to time slightly 
and irregularly elevated or depressed over more or less extensive 
areas, while long and narrow tracts toward their margins slowly 
subside tens of thousands of feet. Later these subsiding tracts rise 
fairly rapidly into mountains, and are subsecpiently reelevatcd time 
and again. Outside of the long and narrow tracts of subsidence 
are rising wide borderlands that furnish the sediments for the shallow 
seas of the sinking areas, and that once extended hundreds of miles 
into the oceans beyond the present shorelines. These crustal move¬ 
ments, along with erosion, were the primary causes for the changing 
topographic and geographic aspects of North America, which will 
now be taken up in greater detail. 

Geosynclines (study Fig. 314). —As a result of the work in the 
Appalachians and other mountain regions, geologists long ago saw 
that mountains occur only in areas of greatest sedimentaiy accumu¬ 
lation. The rock formations in the Appalachian region are, for 
example, possil)ly ten times and certainly six times thicker tlian the 
equivalent deposits of the same seas in the Mississippi Valley. 
These thick sediments we now know were accumulated in narrow 
troughs or synclines that persisted as shallow seaways for long 
periods of geologic time. Such troughs were unsta])le areas of the 
earth’s crust, sometimes subsiding and sometimes rising, and finally 
their great thicknesses of sediments were folded into mountains. To 
these unstable areas Dana gave the name of geosynclines, since they 
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Fig. 314. — The North American borderlands, geosynclines, and medial or neutral 
area (Canadian Shield and Siouis) of earlier Paleozoic time. A = Alexandric 
embayment; O = Ouachitic embayment. The same relations of epeiric and 
shelf seas and lands are continued throughout later Paleozoic time, except for 
the absence of the St. Lawrencic and Acadic geosynclines. A part of the Acadic 
area is then occupied by the Northumberlandic embayment. The black line 
through Ohio is the axis of the Cincinnati geanticline, and the one through 
Illinois the Kankakee axis. Also see PI. 1. 
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do not have the simple syncline structure, Imt are made up of many 
synclinals as well as anticlinals. 

The oldest of the geosynclines are: (1) the Appalachicy in the 
eastern part, trending northeast-southwest; (2) the Cordilleric, in 
the west, with a north-south axis; (3) the Acadic, in sympathetic 
relation with the Appalachic; and (4) the Franklinic in the Arctic 
regions, with a northeast-southwest trend. The northeni half of 
the Appalachic geosyncline (= St. Lawrencic trough), and all of the 
Acadic, were converted into mountains in the middle of the Paleozoic 
era (Devonian period), while the Franklinic and the southern half 
of the Appalachic rose into mountains toward its close, leaving only 
the Cordilleric geosyncline to continue into the Mesozoic era. 

In the Mesozoic era, there developed within the great Cordilleric 
geosyncline a long and narrow land, the Central Cordilleran geanti¬ 
cline (see p. 468). Then there came to lie to the east of this land the 
vast (5) Rocky Mountain (jeosyncline, and to the west of it the smaller 
(6) Pacific geosyncline. At the close of the Alesozoic, in turn, the 
larger of these two troughs was folded into the Rocky Mountains, 
and only a southern part of the smaller or Pacific trough continued 
as such into the next or Cenozoic era. 

Borderlands (stud}^ lYg. 314). — Borderlands are situated outside 
or oceanward of the geosynclines, and are periodically raised into 
highlands, though they never appear to have been folded while the 
troughs on their inner sides were subsiding. They may have been 
faulted and tangentially sliced and thrusted toward the geosyncliaes 
while the troughs were subsiding, ])ut this action seems to have taken 
place mostly during the times when the geosynclines were being 
folded into mountains. Because the borderlands are periodically 
raised, they are the regions from which most of the sediments have 
been derived and delivered into the geosynclines. 

The borderlands formerly extended an unknown distance out 
into the oceans. From the quantity of sediments that they have 
furnished to the geosynclines, it is certain that they continued 
beyond the present strand-lines at least 200 to 300 miles, and some of 
them doulRless considerably further. The ([uantity and nature of 
the sediments derived from them indicate something of their extent 
and the times of their periodic elevation. 

North America is margined on the east by the borderlands Acadis, 
Appalachis and Antillis^ each one of which has its own geologic 
structure and history, although little is known of the history of 
Antillis. Along the west coast is the greatest of all the ])orderlands, 
CascadiSj which later on divides into Californis and Charlottis. 
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Fig. 315. — Greater North America during the earlier Proterozoic (shown by the 
dotted areas), to bring out the amount of land thought to have since foundered 
permanently into the oceanic basins, amounting to about 2,000,000 square miles. 
This map also shows the four geanticlines of North America. C, Cincinnati 
geanticline; A. R. M., Ancestral Rocky Mountains geanticline. 
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Mexico, or Columhis, appears to be an old nucleus, with a northeastern 
extension known as Llanoris. Finally, Arctic America is bordered 
by PearyiSj part of which is now elevated, along with the Franklinic 
geosyncline, into the folded United States Mountains. 

Geanticlines (study Fig. 315). — Geanticlines are the broad up¬ 
ward bowings in the earth^s crust, and differ at once from the com¬ 
mon type of mountains in that their rocks were not folded during the 
time of elevation. The Cincinnati geanticline (often called the 
Cincinnati arch), the best known of these upward bowings, is a wide 
flexure in the earth^s crust centering near the cities of Cincinnati and 
Nashville. Its width is something like 250 miles, and it was at times 
completely overlapped by the interior epeiric seas. The New 
Brunswick geanticline includes the granitic area of eastern Connecti¬ 
cut and Rhode Island and the White Mountains of New Hampshire, 
striking across central Maine into northern New Brunswick and 
southern Newfoundland. The Ancestral Rocky Mountains geanti¬ 
cline arose late in the Paleozoic era across eastern Colorado and New 
Mexico, western Kansas and Oklahoma, and northwestern Texas. 
This uplift was baselevelled early in the Mesozoic era, when the 
Rocky Mountain sea completely transgressed its roots. A part of 
it still remains in the present reelevated Front Range (Long's and 
Pike’s peaks) of Colorado. 

Most extensive of all the geanticlines was the Central Cordilleran, 
extending from Alaska into Central America. To the east of it was 
the vast Rocky Mountain geosyncline, and to the west the smaller 
Pacific inland seas. This geanticline appeared early in the Mesozoic 
era, and exists to-da}^ as the elevated Northern Interior, the Colmnbia 
and the much block-faulted Nevada-Sonoran plateaus. 























CHAPTER XIX 


EVOLUTION, THE CONSTANT CHANGE OF LIVING THINGS 

Man lives and has his well being among plants and animals, but 
of the extraordinary abundance and variety of this life he generally 
has but the slightest conception. All of it, as well as all of inorganic 
nature, is well ordered and subject to unaltering natural laws, but 
this does not mean that all of Nature^s parts are fixed and unchange¬ 
able, rather nothing is constant but change.’^ In other words, all 
Nature is in ceaseless change subject to natural laws. 

Theory of Catastrophisms and Re-creations. — This changeable¬ 
ness of organic life has for a long time been perceived by thinking 
men, from the ancient Greeks onward, and various explanations of it 
have been offered. With the rise of the sciences, and more especially 
the accumulation of knowledge regarding the succession of ancient 
faunas in superposed strata, the theory of Catastrophism and Re¬ 
creations was developed. This theory, which was brought into 
general acceptance by the great Frenchman, Cuvier (17G9-1832), held 
that in the past the entire world had undergone catastrophes which 
destroyed all the organisms. These were followed by long times of 
crustal stability, during which faunas more advanced than the 
previous ones were created. In Cuvier’s time, however, the geologic 
sequence was poorly known, and his catastrophisms are now in¬ 
terpreted as the breaks” in the geologic sequence, representing 
losses of record due to mountain making or other causes. Since 
then, the strata that fill in these breaks have in the main been 
discovered elsewhere, and these often have the transition animals 
unknown in Cuvier’s time. 

Theory of Organic Evolution. — In more modern times it was 
Galileo, Newton and Laplace who gave the thinking world a scientific 
theory as to the changes in the inorganic world; and Buff on, La¬ 
marck, Darwin, Wallace and Spencer who foreshadowed the present 
theory of organic evolution. Charles Darwin is by general consent 
regarded as the father of the theory, since through his books, and 
chiefly the epoch-making Origin of Species, published in 1859, came 
the conviction that life has been continuous, descending from previous 
life with change, from the most primitive organism to the complex 
faunas and floras of to-day. 
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There is now no question about the truth of the theory of organic 
evolution as opposed to that of special creation. What is under dis¬ 
cussion by the biologists is the detailed method by which Nature has 
brought about the manifold organic changes that we see. Scarcely 
any worker in the sciences of Botany, Zoology, or Paleontology now 
rejects the theory; in fact, all work in these studies is based on the 
concept of life having continuously descended from life since it began 
on the earth. The evolution theory is without doubt the grandest 
generalization of the nineteenth century, since it has not only trans¬ 
formed the method of study in Biolog^q Geology and the social 
sciences, but has given a new point of view to all science, art and 
even progressive religions. 

Since, then, we are to accept the orderly development of life through¬ 
out the ages as the basis for our study of the organic side of Historical 
Geology, we may well sum up briefly the procedure of evolution as 
it is generally held by scientists to-day. The present theory is built 
around six basic concepts: (1) the prodigality of organic nature, 
living under (2) a constantly changing environment, brings about (3) 
individual variation, which through (4) the struggle for existence, 
leads to (5) the selection of the most fit (natural selection), and that 
which is selected by Nature as most fit for survival becomes more or 
less fixed through (6) heredity; In the struggle for survival, the 
possession of some slight variation may give one individual the 
advantage over the others, and the unfit, lacking this advantage, 
will in the long run be eliminated. The survivors, who have the 
advantageous variation, will pass it on to their offspring through 
heredity, so that in the course of time organisms better adapted to 
their environment will result. 

Prodigality of Nature. — The prodigality of organic nature is 
beyond comprehension, and equally so is the wastage of individuals. 
More young are born each year than can possibly exist. Some 
individuals produce but a single offspring, while others cast upon 
the world many millions during the season of reproduction. Life’s 
struggle is exceedingly harsh toward the young; they are merci¬ 
lessly weeded out because of unfavoral)le habitations and starvation, 
snapped out of existence by a predaceous enemy, or made sick unto 
death by extremes of heat or cold, or ])y bacterial diseases. Success 
in life is the rare exception. In a struggle so severe, any advantage, 
however slight, may therefore be decisive in prolonging the life of 
the individual and stimulating the origin of new variations. All 
observant persons know that animals during their growth do not 
change into other species, and even though they alter their appear- 
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ance greatly from birth to maturity, these alterations are charac¬ 
teristic of the form observed and of no other. In other words, 
each species breeds true in its specific characters through heredity. 
A close comparison of this resemblance, however, shows that it is 
never absolutely exact, for each individual of every species has its 
pecuharities. No two organisms are exactly alike, and it is in these 
variations that the chance for evolution lies. Nature constantly 
eliminates the unfit, and through the survival of the fittest, the 
species are maintained, but with constant alteration. The whole 
course of evolution, therefore, centers in the processes of reproduc¬ 
tion, and the favored individuals transmit their valuable qualities 
to their offspring, generation after generation. 

Influence of Environment on Organisms. — So long as the environ¬ 
ment of organisms remains unchanged, they undergo comparatively 
httle modification. However, as the earth’s shell has been periodi¬ 
cally raised into mountain ranges and the oceans have as often flowed 
widely over the continents, it follows that the environment of plants 
and animals has undergone repeated and vast alterations. When 
mountains are thrown up shnultaneously in many lands, great 
changes in the humidity and temperature of the atmosphere result, 
bringing on arid clunates and even glacial ones. Such tunes are 
especially fraught with danger to the organic world. Evolution is 
then especially rapid, blotting out floras and faunas that have long 
dommated the earth, and forcing some of the small and insignificant 
stocks to take the lead and rise into new races which in their turn 
quickly attain mastery over their physical and organic environment. 

This periodic appearance of new stocks of plants and animals, 
connected in the main with marked changes of the environment, is 
deeply impressive to the paleontologist, who is in an especially 
favorable position to observe it, seeing as he does the procession of 
life durmg the geologic ages. He therefore holds that it is the periodi¬ 
cally changing physical conditions that are the greatest imi^elling 
force in organic evolution. On the other hand, the long intermediate 
times of equable and mild climate and nearly constant environment 
produce but slight specific alterations. Therefore, to the paleontolo¬ 
gist evolution appears at times to proceed far more quickly, and 
as it were by leaps and bounds. These are the times of quickened 
adaptations to meet the great changes in the environment, while a 
slow or even stagnant evolution accompanies the long intermediate 
periods. 

Succession of Life. — A great array of ancient forms of life is now 
known, and their appearance in geologic tune has been determined. 
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Fig. 316. — Diagram to show the time origins, phylctic interrelations, and 
geologic durations of plants and animals. 

















































































































































































EVOLUTION 



From this evidence we learn that Geology begins in obscurity, with 
an absence of all life. At the very beginning of the third great era, 
the Paleozoic, however, there is an abundance of marine forms, but 
nevertheless for a long time there is no evidence of land plants, and a 
land flora does not appear until still later times. The earliest animals 
all lived in the oceans, and out of them arose forms which could 
also l)reathe air and therefore could live on the land. Not a shred of 
evidence is at hand for the existence of animals with backbones 
(vertebrates) until long after the backboneless forms (invertebrates) 
originated, the first representatives of the higher type being the fishes. 
Later came the amphibia, out of which developed the primitive 
reptiles. Reptilian lairds with teeth appeared after the reptiles, and 
these gave rise to the modern toothless birds. Reptilian mammals, 
on the other hand, originated earlier than the birds, and through a 
long and slow process of evolution finally gave rise to the placental 
mammals, the highest type of animals. Finally, the line of mammals 
leading to man appeared first in the lemurs (monkey-like forms), 
shortly afterward came the true monkeys, and more recently arose 
the anthropoid apes and the ape-man (study Fig. 316). 





















CHAPTER XX 


FOSSILS, THE GEOLOGIST'S TIME MARKERS 

All organisms, present or past, fall into one of two great divisions, 
the Plant Kingdom, or Plantse, and the Animal Kingdom or Ani- 
malia. The former are the converters of inorganic matter into the 
organic structures upon which the latter are dependent for their 
existence. These kingdoms are each again divisible like the parts 
of a tree, the trunk representing the kingdom, and the ])ranches the 
divisions of smaller and smaller import, down to the individual leaves 
(see Fig. 317). The individuals that are more or less alike in their 
trivial characters are grouped together as species, for exam[)le, the 
domestic cats. Then all the species that have characters in common 
are included in a genus (plural genera); such arc the various kinds of 
cats (lion, tiger, puma, leopard, domestic cat), all of which ])elong to 
the genus Felis. The genera in turn are combined into families, 
these into orders, orders into classes, classes into phyla, and phyla 
into kingdoms. 

For easier reference, the various divisions above cited may be 
grouped as in the following example: 

Ivingdom (Animalia); 

Phylum (Vertebrata, or vertebrate animals); 

Class (Mammalia, or mammals); 

Order (Carnivora, or carnivorous mammals); 

Family (Felida3, the cats); 

Genus {Felis, a member of the cat family); 

Species (Felis tigris, the tiger); 

Individual. 

Only about fourteen times in the history of life upon the earth 
have new animal phyla appeared. No new phylum has been evolved 
since the appearance of the fishes in the early Paleozoic, and no new 
classes since the mammals and the birds of the early Mesozoic. 
Hence all of the phyla trace their origin back to an early period in the 
history of the earth. Our knowledge of all this past life has come 
from a study of the organic remains preserved to us in the rocks, and 
it is the nature and significance of these life records, which are called 
fossils, that are to occupy our attention for the rest of this chapter. 
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Fig. 317. — Genealogical tree of animal life, showing only the main branches (phyla). 
The diagram suggests the common origin of all animals in succession, with con¬ 
stant progressive change from the lowest (Protozoa) to more specialized types, 
and culminating in mammals and birds. The branching of a tree is usually 
taken to symbolize this interrelationship. From Gruenberg’s Elementary Biology 
(Ginn and Company). 
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What Fossils Are. — Fossils are the remains of organisms that 
have lived in the geologic past, and the strata that contain them are 
the graveyards of the buried past, of the lost races connecting the 
past with the present. The dust we tread upon was once alive 
(Byron). The degree of perfection in fossils may vary all the way 
from the imprint of a leaf in shale or sandstone to an entire elephant, 
preserving not only the skeleton but all the soft parts and stomach 
as well, as in the extinct mammoth frozen in the Siberian tundras. 
Fossils are, however, in the great majority of cases, only paries of 
once hving things. 

How Fossils are Preserved. — Any dead organism of the lands or 
waters exposed to a temperature above the freezing point of water 
is, as a rule, at once attacked by the omnipresent microscopic fungi 
and bacteria, and by scavenging animals, and soon vanishes without 
leaving a trace of its former existence. In this process the oxygen 
of the atmosphere also assists. In other words, the individuals of 
entire floras and faunas vanish under the influence of other living 
things and of the atmosphere and hydrosphere; probably more than 
99 per cent of all life has thus been removed. The only chance for an 
organism to be preserved after death as a fossil is for it to be covered 
quickly with sediment, and even then only a mold of the exterior 
form may remain. Complete destruction is the rule among all 
organisms having soft bodies devoid of hard skeletal parts, such as 
the jellyfishes, and even where there is a skeleton, either external, 
as shells, or internal, as the bones of vertebrates, preserval depends 
upon the chemical nature of these structures, upon the character 
of the sediments, and upon the chemical content of the waters in 
the rocks. 

Due to these conditions, the chances for survival as fossils are 
naturally greatest among the life in the seas and oceans, since land 
life must be transported by fresh waters to some area of detrital 
accumulation. Fossils are to be especially looked for, therefore, in 
the evenly bedded strata of marine origin that are more or less cal¬ 
careous (since the presence of lime helps to preserve the hard parts 
of animals), and least of all in the red shales and sandstones. In 
fresh-water deposits they are usually very scarce. Another type 
of sedimentary strata having the possibility of fossils consists of 
volcanic ashes, which at times of outburst are shot high into the 
atmosphere and then carried by the winds for shorter or longer 
distances over the lands and seas, burying all living things. 

Kinds of Fossils. — Fossils occur in any one of seven different 
natural conditions, three of which relate to the substance left by 
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the organisms, three to their form and one to both. (1) The great 
majority of fossil specimens preserve more or less of the original 
hard or mineral substance of the individual plant or animal, and to 
this may have been added, during the process of mineralization, 
vaiying amounts of other mineral substance, forming per mineralized 
fossils. (2) The original mineral matter may be exchanged for an¬ 
other and usually a dissimilar mineral, with the substitute preserving 
the original microscopic structure of the organisms; the woody parts 
of plants are often found in this condition and for study purposes are 
as good as the similar parts of living plants (see Fig. 318). (3) The 

woody parts of plants may be completely carbonized into coal, with 



Fig. 318. — A fossil cycad, or plant distantly related to palms. The original 
wood is replaced by silica, yet the original microstructure is preserved. 


the soft organic matter more or less entirely destroyed during the 
process. 

The forms of organisms with the original substance absent may 
occur in the rocks as (4) molds^ (5) imprints^ or (6) naiural oasis. 
There is no marked difference between molds and imprints other than 
that the latter term is applied to impressions of thin substances, as 
leaves, etc. Natural casts are the counterparts of organisms made 
by filling the molds of fossils with foreign material. (7) When the 
replacing material is a crystallized mineral, e.cj., calcite, dolomite, 
pyrite, or more commonly silica in the form of chalcedony, the re¬ 
placement is called a pseudomorph. (See Fig. 319.) 
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What Fossils Teach. — Fossils are not freaks of nature, as was 
once thought, nor are they merely chance relics of things once alive, 
but they are the very important geologic records from which has 
been unraveled much about the history of the earth. These records 
reveal (1) the course organic evolution has taken, along with the 
geographic distribution of plants and animals; (2) the sequence of 
geologic time or chronology; and (3) the nature of the environment 
of the fossils, whether they lived in marine or fresh waters or on the 
dry land, and something about the depth and temperature of the 
seas and the climates of the lands. 

As the first-mentioned value is of most importance in pure Paleon¬ 
tology and general Biology, it need not be treated in detail in this 
book. The chronogenetic value of fossils is, however, of great 
import in Historical Geology. As all organic races, like individuals, 
have a span of life, and usually a short one geologically speaking. 



Fig. 319. — Diagram to illustrate molds and casts. The horizontal lines represent 
sediment, and the vertical ones the subsequent filling. A, the natural external 
mold of a bivalve with the shells removed by solvent waters. C, the same shell, 
but having the original cavity filled with .sediment = natural internal mold. 
B and D, the molds filled by solvent waters with foreign materials = a cast and 
a pseudomorph. 

and as species and genera are constantly changing, their degree of 
evolution is more or less indicative of the time of their existence. In 
other words, each stratum has fossils, or comliinations of fossils, 
peculiar to itself, certain forms being so diagnostic as to ])e called 
guide fossils these can be used accurately in correlating the 
strata of a given age from place to place or even from continent to 
continent. For example, an elephant tooth indicates late Cenozoic 
time; the imprint of a leaf of a flowering plant, post-Jurassic time; 
an oyster, post-Triassic time; and a trilobite. Paleozoic time. 

Comparative Paleontology goes still further than this, and by 
knowing the trend of evolution in any stock, z.e., having determined 
the relationship which fossils bear to each other, to those which 
preceded them, and to their successors, is able to find in the stages 
of these trends the fossil evidence of the sequence of the rocks which 
contain them. 
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In addition to dating the rocks in which they occur, fossils also 
afford testimony as to the environment in which they lived. Every 
species of the plant and animal world has a given home or environ¬ 
ment known as a habitat, which may be dry land, rivers and lakes, 
or seas and oceans. Moreover, temperature varies between the 
poles and the equator, and therefore, organisms are cold, temperate, 
or tropical in their adaptations. All of these differences in habitat 
are reflected in the fossils. For example, we have learned from many 
years’ study of the corals that they are always to be found m the 
oceans, never in the fresh w^aters, and that they make reefs only 
where the water is permanently warm. Hence the fossil coral reefs 
which we find in certain ancient rocks of Spitzbergen tell us that the 
sediments composing these rocks were laid down in warm seas. 
Again, the leaves of tropical bread-fruit trees, when found in the 
strata of Greenland, testify to a warm climate at that high latitude 
when the leaves were buried. 

Organisms living on mud bottoms, though such are never common, 
will usually be different from those haljituated to sand or lime bot¬ 
toms, though the freely smmming or floating forms may at death 
fall on any kind of a substratum. For instance, most bivalves live 
buried in marine sands or muds, some only in the former, others only 
in the latter, and most brachiopods and all corals and bryozoans need 
some hard object or solid bottom to attach themselves to. In other 
words, organic nature everywhere has the impress of its environment, 
and through a study of the interactions of Nature in our own time 
we can learn how to unlock the riddles of the past. 














CHAPTER XXI 

THE GEOLOGIC TIME-TABLE AND THE AGE OF THE EARTH 


Geologic history, like human history, falls into certain major 
divisions, and these in turn into minor ones. This long chronological 
sequence, which we know as the geologic column or time-table, has 
been pieced together by evidence from all lands, since, although the 
earth develops as a whole, the record is far from being everywhere 
equally complete. It is the A, B, C oi Historical Geology^ and must 
be learned before further progress can be made. 

In Historical Geology the orderly sequence of time is determmed 
(1) through the actual local order in the superposed sec^uence of 
stratified rocks, and in their overlap from place to i)lace; (2) through 
the degree of evolution attained by the fossils contained in the strata; 
(3) through the unconformities or breaks in the secpience of rock for¬ 
mations; and (4) through the determined order in which the igneous 
rocks intersect or cut one another and the stratified formations. 

Eras. — The longest division of time used in Geology is the era; 
the eras are the volumes in the book of geologic time. They are 
compaitible in human history to the Christian era and, like it, char¬ 
acterized by a striking change in events. The era terms are taken 
from the Greek language and are based on the state of organic evolu¬ 
tion present: Archeozoic (primitive life), Proterozoic (first [known] 
life). Paleozoic (ancient life), Mesozoic (medieval life), and Cenozoic 
(recent life). We are now living in the Psychozoic era, the Age of 
Reason. 

The eras are bounded by great changes, both in the ph^^sical 
aspect of the earth and in its life. These are due to major times of 
earth shrinkage, causing the continents to stand high a])ove the 
oceanic level. In many continents there was at these boundary 
times extensive mountain making, which brought about marked 
alterations in the environment, reacting strongly on the life of the 
time. Such times are called critical periods or revolutions; as 
an example may be cited the Appalachian Revolution between the 
Paleozoic and Mesozoic eras, or, coming nearer to our times, the 
Cascadian Revolution, out of which upheaval we passed into the 
Recent. 
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Periods. — A geologic era is composed of a group of periods, the 
chapters in the geologic volumes. As yet, however, it is not possible 
to give a short and clear definition of the physical and organic char¬ 
acteristics that distinguish periods from eras, and the following 
general statement must suffice. Each period embraces one or more 
invasions of the lands by the oceans and therefore one or more 
sedimentary c^^cles, the most extensive flooding occurring during 
the middle phase. On the other hand, the land intervals or breaks 
between each cycle of a given period are of much shorter duration 
and the organic changes less striking than are those between suc¬ 
cessive periods; in other words, the periods begin and close as a 
rule with the smallest inundations, have the greatest floods during 
their middle phase, and finally may close with a time of local or 
widespread and decided mountain making, known as a disturbance. 
They are often subdivided into epochs. 

The names of the periods are generally taken from the regions 
in which the strata were first studied, even though the record may 
here be incomplete. Thus the term Silurian is taken from that part 
of England where the ancient Silures lived, and where the rock 
sequence is practically complete, while the Devonian period is named 
from Devonshire, where the sequence is so complicated by subsequent 
mountain making that its history had to be determined from the 
wonderful development in the Rhineland of Germany. 

Formations. — The smallest geologic unit for mapping purposes 
is the formation j which may embrace a single more or less thick 
succession of like sediments, such as the Trenton limestone, or a 
succession or alternation of sediments that are unlike but have 
closely related faunas, such as the Hamilton formation. In short, 
any set of conformable strata that are without significant time 
breaks and are naturally grouped together because of certain strati¬ 
graphic or faunal reasons may be termed a formation. 

Breaks. — Other time intervals which do not generally as yet 
appear in the geologic column, but which are nevertheless of great 
significance, are the erosion intervals, or breaks, the lost intervals 
in the succession of strata, when no local record was being made. 
Such times of lost record are known to be many, and the further 
growth of the column will come through the discovery of formation 
after formation along the lines of these breaks. Some of these 
records, however, and chiefly those between eras, are forever buried 
beneath younger formations or the waters of the oceans. 
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Geologic Chronology fob North America 


Eras 

Periods 

Advances in life 

Dominant life 

Psychozoic 

Recent 

Era of mental dominance 

Age of Man 

Cascadiaii Revolution 




Pleistocene \ 
or \ 

Glacial \ 

(Periodic glaciation) 

Extinction of great mammals 
(Dawn of reason and of industry) 


Cenozoic 

(Modern 

life) 

Pliocene \ 

Man-ape changing into man 

Age of 
Mammals 
and 

Flowering 

Plants 

Miocene 

Culmination of mammals 


Oligocene 

Rise of anthropoids, higher mammals, 
and birds 



Eocene 

Vanishing of archaic mammals 



Laraniide Revolution 



Cretaceous 

Rise of archaic mammals, primates, 
and flowering plants 

Extinction of dinosaurs 

Extreme specialization of reptiles 

Age of 

Reptiles 

Mesozoic 




(Medieval 

life) 

J urassic 

Rise of tootlied birds and flying drag¬ 
ons 

Age of 

Reptiles and 
Medieval Plants 


Triassic 

Rise of dinosaurs and reptilian mam¬ 
mals 
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Geologic Chronology for North America {continued) 


Eras 

Periods 

Advances in life 

Dominant life 

Appalachian Revolution 



Paleozoic 

(Ancient 

life) 

\ 

Rise of reptiles and ammonites 

Last of trilobites and tetracorals 
(Periodic glaciation) 

Age of 

X Amphibians 
and 

Pennsylvanian \ 
or Coal Measures 

Dominance of coal floras and insects 

l' 

Mississippian 

Rise of ancient sharks 

Maximum of crinids 


Primitive 

Floras 

Devonian 

Rise of amphibians, ^narine fishes, and 
goniatites 

Maximum of corals and brachiopods 
First land floras 

Age of Fishes j 


Silurian 

Rise of lung-fishes and scorpions 

Age of 

Invertebrates 

OhttHTtJhtTTita'fr 

oi^Ordovician 

Rise of land plants and fresh-water 
fishes 

Rise of corals 

Cambrian 

Rise of cephalopods 

Dominance of trilobites 

First known marine faunas 
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Geologic Chronology for North America {continued) 


Eras 


Major divisions 


Physical and organic 
characteristics 


Grand Canyon — Killarney Revolution 


Proterozoic 


Keweenawan 
A ni ni i kian-W hi tevvater 
Hiironian 
Siidburian 


Beltian of Widespread glaciation 
Rocky Mts. Age of Primitive Invertebrates 
Great Iron Age 
Oldest glaciation (Canada) 


Laurentian Revolution and Laurentian granite intrusioi 


Archeozoic 


Keewatin-Coutchiching 


Grenville Age of Larval Life 


Azoic or time of no life. Transition between Cosmic time and oldest known geologic time 
Cosmic or Astronomic time 


The Age of the Earth 

To measure the duration of geologic time liecame a definite scientific 
aspiration during the past century. Hutton in his studies of Scotch 
geology (1795) found no vestige of a l^eginning — no prospect of 
an end.^^ In 1860, John Phillips placed the age of the earth at 
38,000,000 to 96,000,000 years, and geologists twenty years ago 
quite generally accepted 100,000,000 years as the prolialile age since 
the beginning of Archeozoic time. Then in 1903 came the epochal 
discovery of radium and the knowledge that this element breaks 
up at a definite rate that is measurable. Shortly thereafter tlie 
physicists told the geologists that they must multiply their figure 
at least ten times! Truly there is now an embarrassing richness of 
time. 

The physicist’s “ radioactive clock ” obtains figures of the order 
of 1,600,000,000 years since early in the Archeozoic, while the l(3ading 
geologists nowadays readily admit on the basis of their hour glass 
that the sedimentary and saline records indicate a time of the order 
of 300,000,000 years. This estimate does not, however, take into 
consideration the uncountable breaks. Geology can, therefore, say 
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Fig. .320. — The geologic time-table arranged in the form of a clock dial, with the 
duration of each time <livision given as a percentage of the whole. 


that the earth since the beginning of the Archeozoic is at least 
500,000,000 years old. On this basis the geologic time clock 
has been adjusted in the figure above. 


3 0 % 
































CHAPTER XXII 

THE EARTH BEFORE GEOLOGIC TIME 

Everyone knows that the earth is a definite mass of material, a 
planet controlled by the sun and making a yearly circuit around it 
in a definite elliptical orl)it. Geologists always have before them in 
their deciphering of earth history the knowledge of an external shell 
of rock; the farther l)ack they go into this history, the more obscAire 
it becomes, but there still remains an earth differing from the ])resent 
one mainly in having a different sort of atmosphere and in ai)parently 
being devoid of all life. 

As material and forces are everlasting, however, there must be 
an earth history back of what the geologist discerns in the ro(*,ks, and 
in an attempt to ascertain these earlier stages he must seek the aid 
of the sciences of Astronomy, Physics and Chemistry. The starry 
heavens as seen by the astronomers through their wonderful instru¬ 
ments reveal this probable history, and it is this knowledge as inter¬ 
preted by geologists, physicists and chemists that is now to be 
described in general terms. 

Nebular Theory of Kant and Laplace. — Astronomy and Physics 
received a great impetus from Newtoids principle of universal gravi¬ 
tation, given to the world in 1687, a principle that led to a sound 
conception of the evolution of the solar system. This Newtonian 
law was the basis of Iimuanuel KanCs nebular hypothesis, which 
that professor of mathematics and physical geography at Kbnigs- 
berg presented in 1755. Kant conceived that the universe must 
have been developed out of chaos and that space was filled with 
highly attenuated fundamental material, locally varied as to mass, 
density and attraction. In time this material segregated into the 
hot stars, of which the sun is one of the smaller representatives. 

This conception of Kant was modified by the French astronomer 
Laplace, who in 1796 and again in 1824 proposed what has become 
known as the nebular theory of earth origin. Laplace thought that 
our ancestral sun, long before it gave hivth to its family of four outer 
large planets and four inner smaller ones, was originally in a state of 
Imninous vapor, extending even beyond the orbit of the vastly 
remote planet Neptune. This ancestral sun he pictured as a rotating 
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nebula of gas that was slowly contracting through loss of heat by 
radiation, and leaving behind one after another in the course of a 
long time nine rings of gas liberated from the equatorial region of its 
mass, which in turn condensed into the eight planets and the thousand 
or so much smaller bodies known as asteroids. However, astronomers 
now say that such tenuous gaseous rings, rotating as if they were 
solids, are unthinkable, and that no nebula is known closely resemb¬ 
ling the one that supposedly gave rise to the solar system. They 
furthermore believe it to be impossible for such gaseous rings to 
draw together into planets and asteroids. 

Planetesimal or Cold-earth Theory of Chamberlin and Moulton. — 
Nearly all the hypotheses as to the origin of the stars and sun derive 



Fig. 321. — A spiral nebula in Pisces. Photograph by the Lick Observatory. This 
figure illustrates the solar nebula resulting from the close approach of the sun 
to another star. Out of the knots in the spiral arms, through the attraction to 
them of the innumerable planetoids, originated the planets and their satellites 
The sun spiral nebula was, however, much smaller than this one in Pisces. 


them from an antecedent gaseous nebula. In regard to the origin 
of the earth, however, the most acceptable theory is the planetesimal 
theory of Chamberlin and Moulton of the L'^niversity of Chicago. 
This theory holds that the sun, while in its early gaseous condition, 
cither approached or was approached by another and probably a 
greater star, and that due to this mutual attraction tidal action was 
set up in the sun, partially disrupting it (see Figs. 321, 322). The 
material so ejected took on the form of vastly long spiral arms con¬ 
nected with the central body, but the mass in the arms was after aU 
but a minimal part of the sun. This ejected material, according to 
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the authors of the theory, was mainly dust-like and they have called 
the particles planetesimals. Included in this cold dust-like material 
were many relatively large and probably hot masses, called knots, and 
these, attracting to themselves the planetesimals, built up the eight 
planets, their twenty-six moons, and the ring of asteroids, a])out a 
thousand in number, which lie between Jupiter and Mars. This stage 
in the evolution of the solar system endured through an immensely 
long time. 



Fig. 322. — The great nebula in Orion, with irregular star condensing centers. In a 
gaseous and hot mass like this the sun is thought to have evolved. Photograph 
by Ritchey, Yerkes Observatory; two foot reflector, one hour exposure 

Planetoidal or Hot-earth Theory of Barrell. — Cham])erlin con¬ 
ceives the earth to have been built up as a solid body, not to have 
been fluid or viscous at any time later than the early nuclear stage. 
Barrell (1918), on the other hand, viewing the probable size of the 
planetesimals as equivalent to that of the asteroids (up to 485 miles 
in diameter), inclined to the idea of rapid infall of these larger bodies, 
which he calls ylanetoidsy upon the earth nucleus. Accordingly, but 

















THE EARTH BEFORE GEOLOGIC TIME 


489 


Uttle time would be consumed during the growth stages of the earth, 
and the infall of the planetoids would lead to the formation of a 
hot earth with a fluid surface. This theory we will now develop 
further. 

It can not be known, of course, whether during earth growth the 
center, or material of the original knot, tended toward a liquid or a 
sohd state. The outer part of the earth, however, with a thickness 
of perhaps the outer quarter of its radius, comprising about one-half 
the volume of the sphere, seems to have passed into a truly molten 
condition. 

After a long time, the rapid generation of heat by impact of the 
planetoids lessened, and the fluid sphere, seething with slow con¬ 
vection currents, began to cool. The heavy basic crystals were the 
first to form, and because of their high specific gravity they sank 
downward in the convective movement. The remaining higher 
magma was more siliceous, of lighter gravity, and in crystallization 
gave to the crust a greater proportion of feldspar and quartz. The 
original crust of the earth was in consequence a granite. 


Azoic Time 

With the formation of a crust, we may say that the Cosmic era 
in the earth's history had come to an end, and that geologic time 
begins. However, no one has yet consciously seen the smallest part 
of this original crust, nor has Geology discovered the oldest rocks 
tliat lie upon it. Therefore a time must be postulated to bridge 
the interval between the Cosmic events and the known Archeozoic 
era. This was done long ago by Dana, who defined an Azoic or 
lifeless era, the first part of which began with the granite crust, 
followed by the origination of the continents and oceanic basins, and 
of a heavy atmosphere. 

Primordial Atmosphere. — Granting the initial fluid state of the 
earth, Barrell thinks there must have been at first a hot gaseous 
atmosphere consisting chiefly of water-vapor, and in lesser amount, 
carbon dioxide and carbon monoxide, chlorine and hydrochloric acid, 
with some nitrogen but no free oxygen. Geology now holds that the 
atmosphere and hydrosphere are essentially of volcanic origin, being 
the accumulated exhalations of active volcanoes and thermal springs. 
The gases come from deep within the earth, from heated and altering 
molten magmas. They are conceived of as dissolved in highly 
compressed magmas, and when the pressure is relieved, the evolv- 
mg gases heat the magmas and finally escape into the atmosphere. 
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Gathering of the Ocean Waters. — When the crust began to cool 
and changed from a fluid to hard rock, crystallization went forward 
in various areas, convection was slowed, and finally the molten rock 
froze. Then rain, ever descending from the shield of perpetual 
cloud, but never heretofore attaining the crust or lithosphere, at 
last began to splash on the hot surface of the earth. A steaming 
eaiTh^s surface was of short duration, perhaps only a few thousand 
years. Then the surface began to assemble an ocean of acid water, 
probably universal over the lithosphere. CaiTon dioxide became the 
dominant gas in the rare atmosphere, and water-vapor was present in 
subordinate amounts. Solar heat l)egan to play the principal part, in 
warming the earth through the now thin and broken cloud canopy. 
For the first time sunlight attained the surface of the lithosphere. 

Volcanic activity was still very great and great volumes of gases 
were liberated, adding juvenile materials to the old or vadose atmos¬ 
phere and hydrosphere. Ever since, new (quantities of juvenile 
water and carbon dioxide have been added to the surface of the earth 
by the volcanoes. We may, therefore, say that the body of the 
earth has given forth its oceans. 

Origin of Continents and Oceanic Basins. — According to Barrcll, 
the fluid earth originally had a surface as level as that of the ocean. 
The proldcni of the origin of the ocean basins and of the continental 
platforms resolves itself into one of the origin of the density differences 
in the lithosi)here and the maintenance of the heated and weak 
condition of the rocks beneath the stiff crust. It is thought that the 
disintegration of the radium-bearing minerals has acted as a per¬ 
manent generator of heat in the rocks that contain them (see p. 
264). Near the surface, this heat is lost through conduction, ljut 
that generated within the nucleus can not so escai)c but must 
slowly transform some of the solid rock into licquid form. In this 
way, reservoirs of molten rock arise that may melt themselves 
through to the surface. It is this dceq)est seated and heaviest magma 
that, by rising into the lighter subcrust, weights it and thus drags 
down into basin-form parts of the original granitic lithosphere. The 
forms and relations of the ocean basins suggest that in the earliest 
times, following the solidification of the earth, such dense molten 
matter from the deq^ths of the earth l^roke into or through the outer 
crust on a gigantic scale, eruqRion following erupticjn until the wide¬ 
spread floods of rock had weighted down ])road areas and caused 
them to subside into ocean basins. The waters then gathered 
naturally into the basins and the continents were left standing as 
elevated areas. 
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Regional crustal subsidence was especially characteristic of Azoic 
time, but the process did not cease then. In later chapters we shall 
see how the same process during the Mesozoic continued to break 
down great lands permanently into the ocean basins. 

Evolution of the Atmosphere. — With the separation of the lands 
from the oceans, erosion began, car])on dioxide was abstracted from 
the atmosphere to make carbonates, and a further cause of atmos¬ 
pheric depletion was initiated. Thinner, rarer and colder grew the 
gaseous envelope, until an oscillating balance was established between 
the supplies of new gases from the uprising molten rocks and the loss 
involved in the weathering of their solid forms. Nitrogen was at 
first relatively small in cpiantity and oxygen not present in more 
than a trace. An evolution in atmospheric composition had stiU 
to go forward through the following Archeozoic era to transform it 
into a gaseous medium for the support of the higher land-living plants 
and annuals. 

Even early in the Azoic, following the gathering of the oceans and 
the emergence of the lands, the sun warmed the atmosphere and the 
earth. An environment suitable for the original and most primitive 
life had now arisen in the oceanic waters, since very low forms of 
marine plants, alga^ and bacteria, are known in Archeozoic rocks. 

In the primordial atmosphere, there must have l^een but a trace 
of free oxygen, since the latter was being consumed by the extensive 
lava flows of the time. The ocean waters were then almost fresh and 
the chlorine was coml)ined with calcium and iron. Oxygen in notable 
amounts seems not to have been present until some time in the 
Proterozoic, since it is at this time that the first oxidized or red rocks 
appear (Animikian formation). 

We see accordingly that the first plants must have been such 
that they could live without free oxygen, and they may have been 
like certain of the living bacteria (anaerobic). The green plants or 
seaweeds of the later oceans, however, made free oxygen in abun¬ 
dance, and with its existence animal life became possible. 
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THE ARCHEOZOIC ERA 

The greater part of Canada, or, rather, the Canadian Shield, of 
over 2,000,000 square miles in extent, exposes the oldest portion of 
the North American continent (see Fig. 323). Here lies the very 
complex record of event upon event, made during the two earliest 
eras of geologic history, which are considered to have lasted longer 
than all the remaining ones combined. 

In deciphering this pre-Cambrian chronology the geologist has no 
fossils to depend upon, and the criteria used are of a physical nature, 
as follows: (1) similarity of rock character, (2) structural nature of 
the rocks, (3) superposition of the formations, (4) crustal movements, 
and (5) cycles of erosion. The study of the various pre-Cambrian 
formations makes it clear that their two most significant and dis¬ 
tinctive features are: (1) the widespread crustal revolutions, char¬ 
acterized by vast upwellings of molten rocks; and (2) the profound 
depth to which erosion has planed, revealing over great areas deeper 
levels of the crust, which, while deeply buried, were sul)jected to 
regional metamorphism — levels whose original place was miles 
beneath the present surface. 

Nature of Archeozoic Rocks. — The student of Archeozoic rocks 
is confronted with vast difficulties, since none of the formations arc 
in their original condition. The water-laid sediments and the lavas 
and granites have been greatly altered through tremendous pressures 
of mountain-making forces, and bent and gnarled by intruded 
igneous masses, resulting in new rocks that arc in a crystalline, 
gneissic or schistose condition. At many localities nothing remains 
as it was, all appears to be in hopeless confusion, and, therefore, the 
order of superposition of the formations, and the time value to l)e 
placed upon their contacts, are exceedingly difficult to establish. 
Because of this, the oldest known rocks are often called the basement 
complex. 

The Archeozoic as a whole, however, is homogeneous in its hetero¬ 
geneity; that is, it is alike in its extraordinary complexity. 

The Lost Original Crust. — Geologists have as yet no evidence 
as to what took place in earliest Archeozoic time, nor have they seen 
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the original foundation upon which the Coutchiching, Keewatin and 
Grenville series rest. The evidence, therefore, is positive that the 
former foundation of the Canadian Shield, that is, the rocks older 
than those now resting upon the Laurentian granites, has been dis¬ 
placed or re-fused by the great upwellings of these, the most ancient 
of known granite rocks. 

In the earliest but as yet undiscovered geologic history, the surface 
of the earth is thought to have had igneous rocks only, and these 
essentially granites. With the apj)earance of rains came the first 
sediments, the erosion products of granites and lavas, besides vol¬ 
canic dust and solution materials like limestones dissolved out of the 
granites and lavas. The sediments must, therefore, have been sand¬ 
stones and mudstones, and the limestones may at first have been 
precipitated chemically; later on, organisms took part in their 
deposition. 

Archeozoic Formations. — The Keewatin and the Coutchiching 
are the oldest known formations of North America, ddie Coutchi¬ 
ching formation occurs typically in the Raiii}^ Lake country of ('anada 
north of Minnesota. It originally consisted mainly of carbonaceous 
shales, but these are now metamorphosed into mica-schists and 
dolomite, both probably of marine origin. The Keewatin, best 
known in the Lake of the Woods area of extreme western Ontailo, 
consists of acpieous dark lava flows (usually basalts, now greenstones 
or schists), with some ash beds and black carbonaceous and sandy 
mudstones, now changed to schists. Like the succeeding Grenville, 
it has a wide distribution, but the outcrops are generally small and 
much localized. It represents one of the great outpourings of basalt 
in geologic time. 

In the Province of Ontario north of the lake of the same name and 
east of Lake Huron, occurs a vast succession of essentially calcareous 
strata, the thick Grenville series, apparently the deposits of a trans¬ 
gressing shallow warm-water sea. They are now known to cover 
most of Lal^rador, Quebec, Ontario, the Thousand Islands, the 
Adirondacks and southern Baffin Land. In Ontario they reach a 
thickness of over 94,000 feet (nearly 18 miles), of which about 
50,000 feet is limestone. The limestone phase is, however, practi¬ 
cally limited to southern Ontario, the Adirondacks and (Quebec. 

Grenville rocks usually exteiid over the ground as long bands 
between areas of gneissic granites, since they commonly form steejoly 
dipping synclinal structures between the bathyliths of Laurentian 
gneiss (see p. 495). These band-like structures are due to the strata 
having been domed by the rising bathyliths, which arc now so deeply 
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eroded across as to expose only their roots and the deeper parts 
of the Grenville rocks. 

Serpentine is common in the Grenville marbles, and here are found 
the fossil-like structures known as Eozoon, described on a later page. 

Because of the shallowness of the Grenville seas, and because their 
muds and sands came from the Hudson Bay region, it is evident that 
a great part of the Canadian Shield ivas already present in Grenville 
time as a positive or continental element. This shows how far back 
in geologic time the rocks of this shield originated, and that the 
nucleus of North America probably came into existence during the 
formation of the earth’s original crust. 

The attention of geologists has long been attracted to the great 
quantity of graphite in the Archeozoic strata, chiefly in the (juartzite- 
schists. Sir William Dawson long ago said that there was more 
graphite disseminated in the Grenville series than there is carbona¬ 
ceous matter in the entire Carboniferous (coal-l^earing) system. This 
graphite is believed to have originated in the main from the residuum 
of primitive marine plants. 

In the Grand Canyon of the Colorado, Archeozoic rocks known 
as the Vishnu series are exposed in the Granite Gorge for 40 miles. 
In southern Arizona they are known as the Pinal schists. 

The chief rock formation of the Canadian Shield is the widely dis¬ 
tributed Laurentian gneiss and granite. This is the consolidation of 
numberless bathyliths that have welled up as molten magma into the 
older Keewatin and Grenville series. So prevalent are these granites 
that they cover more than 90 per cent of the Lake Superior country, 
and for a long time were regarded as the original cooled surface, or 
crust of the earth, upon which the above-mentioned formations rest. 
It has now become clear, however, that these granites are not older 
than the formations they seem to underlie, but that they are really 
younger, for they have up welled from unknown depths of the earth, 
have broken up the older rocks, and shattered and invaded the 
formations above them. In other words, these basement granites 
are intrusives and therefore younger in age than the Keewatin and 
Grenville series which rest upon them. 

Laurentian Revolution and Ep-Archeozoic Interval. — These gran¬ 
ite cores, up welling from below into the Keewatin and Grenville 
rocks, uplifted them into the Laurentian mountains, the oldest ones 
of the North American continent. In the southern area of the Cana¬ 
dian Shield they are thought to have been made up of individual 
elongate oval masses up to 50 miles long, and to have trended 
northeast. It is also probable that at no single time had they the 
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heip;ht and grandeur of modern mountains, but that after repeated 
vertical uplifts previous to Huronian time their total uplift and depth 
of peneplanation (erosion) were as great as those of most other 
mountain systems. 

Then followed a long time of erosion, the Ep-Archeozoic Interval, 
reducing the highlands to a peneplain. This erosion intei-val is the 


most significant break in all North American geology, and the 
Canadian Shield the most remarkable of all known peneplains (see 
Fig. 324). 


Evidence of Life in the Archeozoic 

The direct evidence that life existed in Archeozoic time is exceed¬ 
ingly scanty, and yet it indicates positively that at least microscopic 
blue-green plants or algie related to modern forms were living in the 
era (see Fig. 325). 

Long ago Sir William Dawson descril)ed from the Grenville lime¬ 
stones Eozoon canadense, which means dawn animal of Canada.’^ 
These masses consist of irregularly alternating thin calcite bands and 
dark green layers, usually of serpentine, and result from metamor¬ 
phism of the lime deposits. They are now regarded as probably of 
organic origin and are thought to be calcareous depositions, made by 
marine plants (algae), and not by animals as the name indicates. 

The usual absence of fossils in the Archeozoic does not disprove 
the theory that life began in soft-bodied microcosms; rather is it 
indirect evidence confirming the theory. Primordial life, to judge 


Fig. 324. — Laurentian peneplain as seen from Lake Michikamau, Labrador. Photo¬ 
graph by A. P. Low. Yale University Press. 
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on the basis of the growth stages of things alive now, was too perish¬ 
able and minute to be preserved as fossils. 



Fip;. 325. — Bliie-ffrccii alga related to modern forms. From an Archeozoic pebble 
in the Ogishke conglomerate, Minnesota. Photograi>Ji, x 190, by J. W. Gruner. 


Indirect evidence in favor of the view that life abounded in the 
Ai’cheozoic is seen in the wide-s|)i*e!ul and vast amount of graphite 
in these sediments, which is largely if not wholly the metamorphosed 
carbon once in organic bodies. 
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THE IRON-MAKING PROTEROZOIC ERA 

The Proterozoic era represents a \on^ time, seemingly 25 per 
cent of all geologic history. In the Rocky Mountains area at 
least 37,000 feet of sediments were laid down, and in the Lake 
Superior region upward of 53,000 feet of strata, and 22,000 feet of 
volcanics. 

North America in Proterozoic Time. — From the geographic 
position of the earliest Paleozoic seas upon the continent of North 
America (see Fig. 314), and those of the late Proterozoic as well, it 
is plain that this land mass was not only outlined in much of its 
present form during the early Proterozoic, but that it was even 
larger than it is now. How much larger is not known, but seemingly 
it was then and for a long time subsequently widely connected by 
dry land with Greenland and eastward across the sea with Scandi¬ 
navia. Accordingly about 2,000,000 s(piare miles of greater North 
America has broken down into the oceanic basins in post-Proterozoic 
time (see Fig. 315). 

The borderland Appalachis in the east and that of Cascadis in the 
west also came into existence during the Proterozoic (see Fig. 314). 
At the close of this era the Killarney mountains arose, dividing the 
interior of North America into a northern (Ganadian Shield) and a 
southern (United States and Mexico) ])lain. In Arizona the Grand 
Canyon mountains were elevated. Toward the close of the Caml^rian 
these mountains had in the main been reduced almost to sea-level, 
so that during the remainder of geologic time, nearly the whole of 
the interior of the continent was one vast plain. 

Proterozoic Formations. — Upon the Laurentian peneplain from 
Lake Huron north to beyond Sudbury, Ontario, there rests the 
Sudburiari series of essentially coarse marine deposits, as a rule 
arkosic conglomerates and quartz sandstones, with from 2 to 13 per 
cent of shales. Carbonaceous material, however, is completely 
absent in this series, which is often a cleanly washed sand of fairly 
equal grain, coming apparently from the north and transported ])y 
long rivers to a wide delta. The older arkoses were made either under 
a hot dry or a cool moist climate. 
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Plate 1. — North America during the later Proterozoic, showing the three geosyn- 
dines: (1) Appalachie, (2) C'crdilleric, and (3) Ontaric-Sonoric. The fourth 
seaway (Arctic) appears not to have been a geosyncline, but rather an epeiric 
sea similar to those of the Paleozoic. 
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Where the Sudburian is not intruded by the later eruptives, it 
is but little altered, so that the original bedding, cross-bedding, and 
even the ripple-marks may still be seen on weathered outcrops. In 
fact, as the Sudburian strata are so very ancient geologically, their 
modern appearance is the most surprising impression made on the 
observer. From this we conclude that the atmosphere must have 
resembled that of later tunes in composition; water did its work 
then as now, and the extremes of heat and cold seem to have been 
normal. 

Nearly all of the Sudburian formations are intruded, deformed and 
metamorphosed by intrusive granites which have been named 
Algoman. These are so much like the earlier Laurentian ones that 
it is very difficult to distinguish the two. 

After the intrusion of the Algoman granites and the making of 
the Algoman mountains, followed the deposition of the Huronian 
series, which is now separated into an earlier Bruce division and a 
later Cobalt one. The latter division has as its lowest formation a 
bowlder conglomerate known as the (yobalt tillite; which is the oldest 
known glacial deposit; it will be discussed later in the chapter. The 
whole Cobalt division measures probably more than 12,000 feet in 
the region north of Lake Huron. 

The next younger rocks, the Animikian or Great Iron Series, have 
a wide distribution over the Canadian Shield, the seas, it is thought, 
having transgressed far and wide over the older strata. Most of the 
deposits are of marine origin, though some appear to l)e of a conti¬ 
nental character. However, the Animikian formations are not now 
of universal distribution over the shield; on the contrary, the areas 
are widely isolated and appear in the main to be remnants preserved 
from erosion in the down-folded or gently down-warped basins in 
the older rocks. 

The Animikian strata generally lie nearly horizontal and are very 
little metamorphosed, but in certain areas are folded into large 
pitching anticlines and synclines. In the Penokee area of Michigan 
the formations that remain after their long exposure to the erosive 
forces are still 14,000 feet thick, l)ut elsewhere they are usually 
reduced to a maximum of about 6000 feet. 

The very thick carbonaceous deposits of the Animikian clearly 
mark the effective beginning of oxygen in the atmosphere, and the 
red color of much of the later Keweenawan and some of the Animi¬ 
kian sediments may indicate an increase in free oxygen to the point 
where it became effective as an enormous stimulant to the spread 
and rapid evolution of the animal kingdom. 
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The Animikian series is rich in iron ores, and about 70 per cent of 
the iron mined in the United States is of this time. 

Above the Animikian in the Lake Superior region conies the 
Keweenawan series of rocks, all of continental origin, and of quick 
accumulation. Geologists are agreed that there is a distinct break 
in the record between the Animikian and the Keweenawan series of 
formations. Moreover, the sediments of the former are of marine 
origin. 

The Keweenawan is characterized by enormously thick deposits, 
both of sediments and lavas, the igneous activity becoming greater 
in its middle and upper portions. The sediments are largely derived 
from the Laurentian granites, but red jasper pebbles of the iron 
formations also occur. Ripple-marks are common, the sandstones 
are often feldspathic and might be called arkose, and the shales have 
rnud-cracks, all of which are indicative of continental origin. Further, 
the prevailing color is red, like the Triassic of the Connecticut Valley, 
suggesting desert conditions and complete oxidation. 

This closing ixjriod of the Proterozoic record is marked in the region 
of Lake Superior by a tremendous outpouring of volcanic materials 
upon the dry lands, probably not by volcanoes but rather through 
fissures. In subordinate amounts ash rocks and lapilli are found 
between the lava sheets, and there are interbedded conglomerates, 
sandstones, and shales in small amounts. 

From the hiunan and economic point of view, the advent of the 
Keweenawan lavas was one of the most important events in the pre- 
Cambrian history of the Canadian Shield, since most of the valuable 
ore deposits of the region are connected with the igneous activity 
of this age. At Thunder Bay the silver ores of Silver Islet and other 
mines were supplied by the Keweenawan diabase dikes and sills, 
Ontario in 1913 yielding over $36,000,000 worth of silver. The 
unrivalled mines of native copper in Michigan belong to the aniygda- 
loids and conglomerates of Keweenaw Peninsula. 

The best known and thickest sections of Proterozoic formations in 
western North America, the Beltian series^ occur in western Montana, 
eastern Idaho, and British Columbia, north to at least 54 degrees 
north latitude. Upward of 37,000 feet of sediments, mainly sand¬ 
stones and shales, are exposed in the combined sections. A striking 
feature of these Beltian formations is the small amount of igneous 
materials. 

In the Grand Canyon, Arizona, occur the Chuar and Unkar for¬ 
mations with a thickness, remaining after an unknown amount of 
erosion, of nearly 12,000 feet, most of which is sandstone, there being 
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only 435 feet of liniestone, and that near the base. The sediments 
are at first of marine origin, but (luickly i)ass upward into continental 
deposits. These formations rest on the peneplained surface of the 
highly deformed Archeozoic (Vishnu) strata. (See Fig. 326.) 


Fig. 326. — View east up Colorado River, near mouth of Bass Canyon, Arizona. 
On the left and above are horizontal Paleozoic strata resting on i^eneplained 
monoclinal beds of the Proterozoic (Unkar). The latter lie upon the tilted 
peneplain of the Archeozoic (out of view) in the Granite Gorge of the river. 
Photograph by L. F. Noble. 

Grand Canyon-Killarney Revolution. — After the deposition of 
these Proterozoic sediments, the rocks of the Colorado plateau region 
were profoundly block-faulted, tilted eastward, and elevated into a 
monoclinal attitude, and the resulting mountains were presumal^ly 
high and in aspect not unlike the present Great Basin ranges. This 
orogeny is known as the Grand Canyon Revolution, and has its 
counterpart in the Lake Superior country in the Killarney Revolu¬ 
tion to be discussed below. All the western mountains were eroded 
to sea-level before the Paleozoic era began, for the horizontal Cam¬ 
brian strata rest upon the peneplained older formations (see Fdg. 326). 

In the Lake Superior region, at the close of the Proterozoic the 
whole area from at least Sudbury, Ontario, into southern Vusconsin 
was folded and injected by granite bathyliths, making the Killarney 
mountains. These have long been known as the Lost mountains 
of Wisconsin.’^ In a northeast direction they are known to have 




























THE IRON-MAKING RR.OTEROZ<)1G ERA 


503 


extended at least 1000 miles, from southwestern Minnesota (Sioux 
Falls) to beyond Lake Huron (see map, PL 2). 



Fig. 327. — Eroded exposure of the Huronian tillite, near Cobalt, Ontario. Photo¬ 
graph by A. P. Coleman. Yale University Press. 



Pre-Cambrian Climates. — One of the most surprising of recent 
discoveries in Geology was the finding by Coleman of tillites (mo¬ 
rainal deposits of glacial till or bowlder clay, hardened into stone, 
see p. 144, and Fig. 327) in the Huronian formations of Canada, and 




























































































504 


OUTLINES OF HISTORICAL GEOLOGY 


the consequent establishing of the occurrence of a glacial climate 
thus early in the history of the earth. Over the wide Laurentian 
peneplain previously described, there is found in the country^ to the 
north of Lake Huron a basal conglomerate that often includes 
facetted and striated bowlders of various kinds of rocks. Over the 
tillites occur, locally, thick zones of banded (varved) slate and water- 
formed conglomerates and quartzites. 

Undoubted and probable tillites of Proterozoic age are now known 
in many other lands: certainly in Norway, China, India and Aus¬ 
tralia, and probably in Africa. They are of different ages, some 
occurring at the close of the Proterozoic and others older. (See 
Fig. 328.) 

The very thick limestone series of l)oth the Archeozoic and Pro¬ 
terozoic suggest that at the time of their formation the climate was 
at least mild. Then, too, the many zones of algal concretions, some 
of which are actual reef-limestones, point also to warm waters. In 
the Proterozoic, the vast amount of iron dei)osited is additional 
confirmation of mild climates. We may, therefore, conclude that 
at this very early time in the history of tlie earth the geologic climates 
were in general mild and fairly uniform the world over, but that at 
somewhat irregular intervals cold climates developed that were 
geologically of short duration. 

Life of the Proterozoic 

It is not so long since it was thought that the Proterozoic strata 
were devoid of recognizable fossils, ljut during the past twenty-five 
years such have been described from various places. Representa¬ 
tives of the two most primitive animal phyla, the Protozoa (Radio- 
laria) and the spy)iiges (four orders), have been found in Brittany, 
France, and near the top of the Grand Canyon series siliceous 
sponge spicules have been found in the Chuar limestones. 

The most abundant fossils of the Proterozoic limestones, however, 
are the secretions of calcareous alga) commonly known as Cryptozoori 
(Fig. 329). These coral-like plant masses make entire beds that 
repeat themselves again and again through thousands of feet of 
hmestone. Great quantities of these algae are common in the iron 
strata of Hudson Bay, Minnesota and Michigan. 

From the upper portion of the Proterozoic (Beltian series) of 
Montana have been described a number of worm tubes and trails, 
seemingly of segmented annelids, that were found 7700 feet beneath 
the top of the section (Fig. 330). They are among the youngest 
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fossils known in the Proterozoic, and even though they are only tubes 
and trails they seem to indicate the presence here of annelid worms, 
a class of marine invertebrates high in the line of organic evolution. 



Tig. 329. — Proterozoic reef of calcareous algjje {Collenia ? frequens), Flathead County 
Montana. Photograph by Willis, U. S. Geol. Surv. 

A B 




Fig. 330. — Evidence of Proterozoic worms. U, cast of large burrow (Planolites 
corrugaliis). B, imprint of the actual annelid tube (Helminthoidichnites 7 neeki), 
After Wiilcott 


Phis evidence shows that life was present in abundance early in 
the Proterozoic, and that it consisted mainly of marine algse. In 
the later Proterozoic occur Protozoa (Radiolaria), Annelida, and 
various types of siliceous sponge spicules, and from the nature of 
the Cambrian faunas we must infer that trilobites were also present. 
This means that primitive forms of most of the invertebrate classes 
of organisms were in existence in Proterozoic time. 
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The Lipalian Interval 

It is now the custom of geologists to sj^eak of the unconformities 
also as breaks and intervals: breaks for the shorter times of lost 
record represented by the disconformities, and intervals for the 
greater ones seen in the angular unconformities. 

Following the known events of the Proterozoic era, and l)efore 
the introduction of Paleozoic strata with their abundance of fossils, 
there is an interval of very great significance. During the time of 
this Epi-Proterozoic interval, which has been called Lipalian time 
(from a word meaning gone or missing), the continents aj^pear to 
have stood well above the general oceanic level, and the chief geo¬ 
logic work done was that of erosion. Where the Paleozoic strata 
rest on the Proterozoic, there is in most places a marked and usually 
an angular unconformity. In western Montana, Idaho and British 
Columbia, however, the Paleozoic rests without a marked uncon¬ 
formity on the Proterozoic or Beltian series. This condition means 
that here the lithosphere was not folded toward the close of the Pro¬ 
terozoic. 

The marked and usually angular unconformity elsewhere beneath 
the Paleozoic means that mountain ranges had been elevated and 
subsequently worn away. Therefore, the land areas of Lipalian time 
were reduced to a low-lying plain, a peneplain, and it was over these 
flat lands that the Paleozoic seas spread with their fullness of life. 
How much time was consumed, no one knows, but it was long enough 
for much of the animal world to change its soft skin to one protecjted 
by a hard covering of carbonate of lime such as is seen in many of 
the invertebrates of the Cambrian. 






























CHAPTER XXV 


CAMBRIAN TIME AND THE DOMINANCE OF TRILOBITES 

We liavc so far studied in a most general way the more important 
geologic events of the earlier half of the earth’s history. Now we 
begin to take up in more detail the better known chronology, begin¬ 
ning with the Paleozoic era. North America is wonderfully rich in 
a long succession of Paleozoic formations that abound in fossils, and 
this is especially true for the eastern half of the United States and 
Canada. No other continent is so rich in this history. In addition, 
the Paleozoic strata over vast areas west of the Apj^alachian Moun¬ 
tains lie almost as they were deposited, although of course much 
consolidated by time. The longest array of superposed strata is to 
l)e seen in the area east of the Mississippi River and in the Appala¬ 
chians from northern Pennsylvania south to northern Alabama. 
Nowhere is there a complete record, but the gaps are not thought, 
as a rule, to represent very long intervals of time. 

The Caml)rian period of time or system of rocks takes its name 
from Cambria, the Roman name of northern Wales, where the 
deposits were first studied by Professor Sedgwick of Cambridge 
University, beginning in 1822. It is the first period in the Paleozoic 
era, and is generalh^ separated from the older rocks by one of the 
most marked unconformities known, representing a very long erosion 
interval. It is also the first period in earth history with an abun¬ 
dance of life preserved as fossils. 

-- Still another striking fact about the Cambrian period is that the 
Cordilleric and Appalachic geosynclines are now easily discerned 
seaways. Following the restricted geosynclinal seas of Lower Cam¬ 
brian time came marked spreading of these waters across the conti¬ 
nent as epeiric seas, beginning in the late Middle Cambrian and 
attaining greatest flooding in early Upper Cambrian times. 

Finally should be pointed out the striking topographic fact that 
when the Lower Cambrian seas entered the Appalachic trough from 
the south, their waves broke to the east against a mountain tract as 
grand as the present Alps of Europe. 

Cambrian Paleogeography (see Pis. 2 and 3). — In earliest Lower 
Cambrian time, the Pacific Ocean first invaded the land in the Great 
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Plate 2. — Lower Cambrian paleophysiography. 

Epeiric seas dotted; oceans ruled; lands in wavy lines. See Plate 3 for Cambrian 
paleogeography. 

The probable geography of Lower Cambrian time, without most of the drainage, 
which is wholly unknown. The seas are described on page 509, and the maps show 
the earliest and latest floods. The Ocoee mountains of Appalachis are describerl on 
page 509, and the Killarney mountains of Ontario on page 502. The other mountain 
areas of this time are more or less hyiiothetic. 

The land was devoid of all vegetation, and the climate mild and more or less arid. 
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Basin area and gradually spread northward, forming throughout the 
Cordilleric geosynchne a sea which finally united with the Arctic 
Ocean. Shortly after the appearance of this western Cordilleric 
sea, a similar waterway appeared to the west of Acadis and Appala- 
chis, finally extending as a narrow trough — the Appalachic geo¬ 
syncline — from Alabama to southeastern Labrador. At its maxi¬ 
mum the Lower Cambrian inundation did not submerge more than 
18 per cent of the continent. 

North America was then bordered by highlands that extended 
out into the oceans hundreds of miles farther than at present. On 
the west was the extensive land of Cascadis, and on the east were two 
land masses, the southern and greater one being Appalachis united 
with Antillis, which was more or less continuous with the north¬ 
eastern one, known as Acadis. It was from these marginal highlands 
that came nearly all the sediments of the inland seas. 

In northwestern Georgia, eastern Tennessee and western North 
* Carolina, the very thick Ocoee and Chilhowee series, now demon¬ 
strated to be Lower Cambrian in age, represent the debris of moun¬ 
tains that then stood to the east of this area. These are the Ocoee 
mountains shown on the Cambrian map (PI. 2). 

Toward the close of the Lower Cambrian, the Appalachic geo¬ 
syncline was drained of all of its marine waters, and a long time 
ensued before another cycle of deposition took place in this trough. 
What occurred at this time in the Cordilleric geosynchne is not 
yet clear, but there may have been continuous deposition here, and, 
if so, transitional faunas will be found, uniting the older ones with 
those of the Middle Cambrian. 

During Middle and Upper Cambrian times most of North America 
appears to have been a lowland devoid of scenic beauty. Accord¬ 
ingly it was possible for the oceans to transgress the lands widely, as 
we shall see they did. If there were any highlands at all, they were 
in the bordering lands of Cascadis, Appalachis and Acadis. In the 
center of the great interior lowlands stood a low upland consisting 
of the roots of the Killarney mountains (see p. 502) that trended 
northeast and southwest across what is now the Lake Superior 
country. 

The Cordilleric geosynchne continued its seawa^^s throughout 
JMiddle and Upper Cambrian time. Late in the Middle Cambrian 
the Cordilleric marine waters began for the first time to spread across 
the continent toward the east, and throughout most of Upper Cam¬ 
brian time the epeiric seas were of wide extent, especially in the 
area of the Mississippi basin. The Appalachic trough was also 
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Plate 3. — Paleogeography of Cambrian time. 

Epeiric seas dotted; oceans ruled. See Plato 2 for Lower Cambrian physiography. 
Note that the Cordilleric, Franklinic, and Ajipalachic geosynclines are in full de¬ 
velopment at this early time. The Acadic geosyncline had water in it only in Lower 
and Middle Cambrian time. 
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oceiipiecl by these waters of Pacific origin. When the flood was at 
its \\ddest, it covered more than 30 per cent of North Anierica (see 
PL 3, Map 3). 

Green Mountains Disturbance. — At the close of the Cambrian 
* the New Brunswick geanticline (see p. 467) was reelevated, and in 
Vermont and Quebec the Cambrian limestones were locally broken 
up to furnish the material for the thick conglomerates at and near 
the base of the succeeding system of rocks, the Champlainian. This 
time of land elevation at the very close of the Cambrian is known 
as the Green Mountains Disturbance. 


Life of the Cambrian 

Of Caml:)rian animals, it is estimated that about 1200 kinds have 
been descri})ed from North America alone, fully 90 per cent of which 
arc trilo])ites and brachiopods (to be described later), the trilobites 
making up about GO per cent of the Cambrian faunas. This contrasts 
strangely with the scanty life known from the previous eras. It is 
all marine. Not the sliglitest evidence exists showing the presence 
of land plants in Cambrian time, though it is thought that the low¬ 
lands at least must have been clothed with feeble vegetation. There 
is also not a trace of land animals, cither of fresh waters, or of dry 
lands. (See PI. 4.) 

The known life of the early Cambrian is primitive, as would be 
expected, ])ut it is far from being the most primitive, since it ranges 
from simple sponges to complex forms of Crustacea, indicating that 
the ancestors of tliese many groups must have been present in pre- 
Cam])rian time. The life was everywhere very much alike not only 
throughout America, ])ut in Europe, Asia and Australia as well. It 
is, therefore, said to be cosmoi)olitan in character. 

Beginning with the Aliddle Cani])rian, however, there were clearly 
two life realms, the greater one of the Pacific (Albertan) and the 
lesser one of the North Atlantic (Acadian). The seas swarmed with 
life, the trilobites continuing their dominancy, followed by the 
brachiopods (see PI. 4, Figs. 2-8). In the Upper Cambrian the 
gastropods (see PI. 4, Figs. 9-14) began their ascendency, and the 
same was true of the ccphalopods, though to a less striking degree. 
These last two groups will be described in the next chapter. 

Trilobites (see Pis. 4, 7, 9, 12, IG; Text Fig. 331). — Trilobites were the first 
fossils to attract the attention of naturalists and have long been of popular 
interest. The great Swedish naturalist, Linnaeus, first recognized their relation¬ 
ship to the Crustacea, animals such as shrimi)s, crabs and lobsters. 



















Plate 4. — Cambrian corals (Fig. 1), brachiopods (2-8), gastroi)ods (9-14), 
and trilobites (15-23). 

Fig. 1, Arclucocyathus rensselcericus; 2, Pataiina hella; 3, Lingulepis acuminata; 
4-6, BillingscUa coloradoensis; 7, 8, Huenclla Icxana; 9-11, Stcnothcca rugom; 12, 
13, Owenella anliquata: 14, Hyolithes primordialis; 15, Eodiscus {ipccioaus; 16, Ayno.stus 
montis; 17, Atops trilincatus; 18, Plychoparia kitiyi; 19, Crepiccphalua tcxanu.s; 20, 
Paradoxides harlani; 21, Dorypyge curticei; 22, OLcnellus ihompaoui; 23, Ilolmia 
hrogqeri. (ol^) 
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The word trilobite means three-lohe-like, and has reference to the three longi¬ 
tudinal lobes (the central axis and lateral 'pleura) seen on the dorsal or iipiier side 
of most trilobites (see Fig. 331). They were sexed animals. Their bodies were 
made up of segments, many of which articulated upon one another; and these 
segments were gathered together into three divisions, as may be seen in any 
entire specimen of the upfier shell or carapace, the part usually preserved. The 
under, or ventral side, with the limbs, had a very thin outer shell and was pre¬ 
served only in exceptional conditions. The shell was made up of chitin (very 
much as in horn, hair, etc.). 


c 



Fig. 331. — Sketches of a complete trilobite (Triarthrus becki). x 2. After Beecher. 
A, dorsal or upper side of carapace, showing three lobes, pleura (5), rachis or 
axis (4), glaliella (1), and free cheeks (2) which bear the eyes (3). B, ventral or 
under side, showing biramous limbs (2, 3) attached to rachis, and upper lip or 
hypostoma (1) which covers mouth. C, one of the double legs, seen from above, 
stripped of setae or breathing organs. Z), another leg with setae attached; the 
upper member of the leg is for breathing and swimming and the lower part for 
crawling. 

Trilobites inhabited only marine, and in the main, shallow waters. In general 
they were rather sluggish animals, floating readily, but swimming probably in a 
jerking manner, and particularly backward, either with the ventral or dorsal 
side up. Over the sea bottoms they crawled slowly with the aid of numerous 
stout legs. The small species of highly spinous forms may have spent their 
lives floating and swimming in the plankton, while those with large eyes may have 
dwelt in the dark deeper parts of the seas, rising at night to the surface in search 
of food. 
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Most trilobites could roll their bodies u}) like the sow-bugs or pill-bugs of our 
cellars. This rolling up was for the i)roteed ion of the more delicate parts of the 
ventral side, by i)resenting to the enemy the hard, thick carapace, an effectual 
armor against other trilobites but ineffective against the cephalopods and fishes. 

As a rule, trilobites were carnivorous and as scavengers kept the sea bottoms 
cleaned of dead animals; some were oimuvorous; others i)robably vegetarians; 
and a few were ‘‘ mud eaters,” the digestive tract assimilating the organic; matter 
in the muds for bodily sustenance. 

In size, the trilobites varied greatly at maturity, ranging in length uj) to 27.5 
inches, but an average size was about 1.5 inches. Many species attained a k'ligth 
of from 3 to 4 and even G inches, but these were large individuals, and those 
above a foot in length were giants. 

Trilobites were characteristic of the Paleozoic era, beginning in considerable 
variety in the Lower ('ambrian, and dominating the seas of the (.'ambrian and 
the Cham})lainian. In the Hilurian, though they were still common, the trilo- 
l)ites were nevertheless on the decline, and this eijbing of their vital for(;e is 


A 



Fig. 332. — Internal characters of brachiopods. A, ventral valve of a stroi)honienicl 
{Rafinesquina expansa). B, dorsal valve of a .'>!pire-])earer (Nucleosjrim), showing 
the skeleton that supports the arms. C\ l^oth valves with the dorsal shell broken 
to show the spiralia (Spirifer strtaUis). After Davidson. .Id, adductor scars; 
C, cardinal area, which akso makes the hinge of the valves, and to which are 
attached the teeth (T); Z)e, open delthyrium where the pedicle emerged; Di, 
diductor muscle scars; Va, vascular markings. 

seemingly sho^^^l in many picturescpie forms replete with ])rotuberances, spines 
and exaggeration of parts. In the Devonian, the variety and numlxu* of the 
trilobites were greatly reduced, at a time when the ancient types of fisluis, which 
undoubtedly fed on these crustaceans, began to be (;ommon in the seas. In the 
later Paleozoic, the trilobites vanished one by one, until a little before the close 
of the era none were left. 

Brachiopods (see Pis. 4, 7, 9, 12, IG; Text Fig. 332) are marine animals, 
encased by two valves, usually of carbonate of lime. They differ from the 
lamellibranchs, which are also bivalves, in that the shells are situated on the 
ventral (belly) and dorsal (back) sides of the animals, and not on the right and 
left sides. The name Brachiopoda means arm-footed, and was given to the group 
because the early })aleontologi.sts thought they crawled around on their arms. 
They do not, however, move about, but are always fixed to one place, usually l)y 
a peduncle or stalk issuing from the ventral valve, except for a few days in the 
case of the newborn young. What were called arms are really breathing organs. 

More than 200 kinds of living brachiopods are knowm, but they were particu¬ 
larly characteristic of Paleozoic time, when there were about 2500 known forms 
in North America. They appeared in some variety in the Lower Cambrian, but 
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their great development began in the Charnplainian, and reached its culmination 
in the Devonian, with a renewed evolution of certain types in the early Mesozoic. 
They are of special importance as index fossils in the Paleozoic and Mesozoic. 

Brachiojiods are among the longest-lived animal stocks known, the genei-a 
Lingula and Crania having persisted through all the physical changes since the 
Cambrian. 


















CHAPTER XXVI 


CHAMPLAINIAN TIME AND THE REIGN OF INVERTEBRATE 

ANIMALS 

The Champlainian system of rocks (Ordovician of European 
geologists) lies above the Cambrian and beneath the Silurian, and 
the name is taken from Lake Champlain where it is well developed. 
The time of Champlainian endurance was considerably longer than 
that of any of the six other Paleozoic periods, occupying in fact about 
one quarter of this era. 

Champlainian Floods (see Pis. 5 and 6). — Partly on the basis of 
the entombed fossils, but more particularly because of three distinct 
cycles of continental submergence, Champlainian time in North 
America is divisible into three epochs. During the period, the 
continent stood but little al)ove sea-level, and it was only along its 
margins that there were uplands. For this reason it was easy for 
the rising oceans to spread widely over the land. The first flood was 
not of great extent, but the other two inundated the continent far 
more extensively than those of any other time. 

These great seas spread the warm oceanic water widely over the 
continents, and, as is usual under such conditions, limestones were 
the dominant kinds of rock laid down. Champlainian time in general 
may well be spoken of as one essentially of limestone making. With 
the two greatest transgressions also came a profusion of marine 
invertebrates. 

In no place has there been determined an unbroken deposition 
from the Cambrian into the Lower Champlainian. The submer¬ 
gences in the earliest division of the latter period were restricted to 
the Acadian and St. Lawrence areas, to the general Appalachian 
region, to the Mississipjfi Valley, and to the Cordilleran trough, with 
faunas peculiar to eacli section. At the close of this epoch, there 
was apparently emergence of the continent everywhere, and there 
is a marked change in sedimentation between its rocks and those 
of tlie succeeding Middle Champlainian. IMoreover, the faunas of 
tlie two epochs are widely different. These changes show that the 
apparently insignificant break — the contact is everywhere a dLs- 
conformable one — represents a loss of record long enough for the 
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Epeiric seas dotted; oceans ruled. See Plate G for Middle Champlainian physi¬ 
ography. 

Map 1 illustrates the first flood of this period; Plate G the second one; Map 3 
shows the third flood, beginning in areas marked 1 and later liccoming general; Map 
4 })rings out the widely emergent condition of North America toward the close of the 
Champlainian. 
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earlier faunas to have evolved into those so characteristic of the 
middle part of the period. 

The Middle Champlainian was a long epoch and one with much 
change between land and sea. The seas were oscillatory and vari¬ 
able, with a final great inundation from the Arctic, the first of a 
series of Paleozoic floods from this ocean. The maximum submer¬ 
gence occurred in the latter half of the epoch (early Trenton time), 
when the seas covered about one half of the continent. Our knowl¬ 
edge of the Cordilleric sea of this time is not extensive, ])ut there 
appears to have been a through waterway from the Great Basin 
country into the Arctic Ocean. 

At about the time when the Arctic waters were spreading most 
widely across North America, a volcano stood somewhere in eastern 
Kentucky. This has been called NelsoiTs volcano, after the state 
geologist of Tennessee, who discovered the record of it in an ash 
bed covering an area of about 360,000 square miles and of a thickness 
ranging up to 7 feet. 

After the great flood in early Trenton time, the waters began 
to retreat into the oceanic basins, first from the medial portions 
of the continent and finally from the northern ones. Some water 
appears, however, to have remained in the southern portion of the 
Central Interior sea, continuing here the marine record between 
Middle and Upper Champlainian times. The period of land domi¬ 
nance which separates the Middle and Upper Champlainian is called 
the Mohawkian emergence. 

The Middle Champlainian sea had almost completely vanished 
from the continent when a new cycle of water movement spread from 
the Gulf of Mexico northeastward along the western side of Appa- 
lachis, northward into the Ottawa basin, and westward into Indiana. 
This brought back to the interior sea the previous southern faunas 
that had been changing elsewhere during the emergent interval into 
other forms. After nearly 500 feet of shales and thin-bedded lime¬ 
stones had been deposited, other floods from the Arctic Ocean and 
down the St. Lawrence arrived, spread their faunas far and wide over 
North America, and submerged more than 40 per cent of the continent 
(Richmond time). 

In Middle and Upper Champlainian times the region from north 
of Cincinnati to beyond Nashville began to rise into a broad low 
arch, to the east of which was the Ohio Imsin, and to the west the 
Indiana basin. This arch, the Cincinnati axis or geanticline, did 
not, however, act as a completed separating ridge in the seas until 
after early Silurian time. 
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Plate 6. — Middle Champlainian paleophysiography. 

Epeiric seas dotted; oceans ruled; lands in wavy lines. See Plate 5 for Cham¬ 
plainian i)aloogoography. 

The probable geography of Middle C’liamplainian time, when the lands were widely 
penoplained and the seas depositing limestone in the main. The seas are described 
on pages oK)-017. The drainage is unknown. 

On the lands there may have been some vegetation, and the climate was warm 
and moist. 
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From this survey of the paleo^eography of Middle and Upper 
Champlainian times, it is apparent that the seas were undergoing* 
much change. This unrest in the hydrospliere was evidently due to 
movements within the bordering masses of the continent, not only 
depressing and elevating the land but affecting the general level 
of the strand-line as well. The greatest mass of sediments was 
laid down along the inner margins of Acadis and Appalachis, and liere 
in the geosyncline, therefore, occurred the greatest depressions of 
the original land surfaces. In eastern Pennsylvania this maximum 
sinking was over 15,000 feet during Cambrian and Champlainian 
times. In the Great Basin area of the Cordilleric sea the sinking of 
the bottom took place mainly in the Cambrian, and here during the 
early Paleozoic the thickness of the strata is about 16,000 feet. 

Taconic Disturbance. — In the New England-Acadian area 
(New Brunswick geanticline), there was wide-spread elevation ])egin- 
ning before Richmond time and seemingly renewed at the close 
of tlie period, known as the Taconic DistuiUance. The deposits 
resulting from the wear and tear of this land are seen first in the wide¬ 
spread, red, thick deposits of the Upper C'hamplainian and later in 
the even thicker and more extended ones of the Silurian. Together 
these coarse deposits made up the Queenston delta of the medial 
Appalacliian region. 

Champlainian Climate. — The vast limestone and dolomite 
accumulations of Champlainian time throughout North America, 
which have an abundance and great variety of life even in the Mac¬ 
kenzie Valley and arctic Alaska, point, as has been said, to warm and 
equable waters. The same Aliddle Champlainian reef corals that 
arc found in Tennessee and New York occur also in Baffin Land, the 
Mackenzie Valley and Alaska, thougli they are less abundant in the 
far north. We may, therefore, assume that the temperature of the 
lands and the seas in the northern hemisphere was nearly everywhere 
the same, and that it was warm temperate throughout. 

Life of the Chamq)lamian 

The life of the early Champlainian varied in the different areas of 
deposition. Upward of 550 species are known, although if the strata 
were not so dominantly dolornitic, causing the destruction of the 
fossils, the total would probably l)c at least three times as great (see 
PL 7). The most characteristic animals of the St. Lawrence and 
Acadian seas were the grajHolites, so called because of their resemblance 
in the fossil state to ancient writings on stone (see L^ig. 333). ddiey 
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were colonial marine forms, often of world-wide distribution, and 
therefore throughout the Champlainian and Silurian are of much 
importance in determining the age of strata from place to place. 
The Appalachian area during early Champlainian time is poor in 
fossils, owing to the alteration of the strata; here, however, in the 
dolomites are the lime-secreting algae or seaweeds known as Crypto- 
zooUj which often formed reefs, and in favored places are found thick- 
shelled gastropods and a variety of cephalopods, two groups to be 
described below. 


During the Middle Champlainian, however, the life of the sea 
recorded itself by its fossils more completely than at any other time 
in the Paleozoic. The waters swarmed with a vast variety of in¬ 
vertebrate animals, and there are known from North America alone 



Fig. 333. — Graptolites or Paleozoic Iiydroids. A, restored colony of floating type 
{D i plug r a plus pristis). Somewhat enlarged. After Iluedemann. h, swimming 
bell; g, gonangia or brooding organs; r, a branch of many polyps in two ranges. 
B, dendroid type of anchored graptolites (Dictijoncma crassibasalc ); the polyps 
are microscopic and like those in A. After Bassler. 


A 


more than 2600 species, chiefly of bryozoans (exceedingly small 
animals, remotely resembling corals), brachiopods (see PI. 7, Figs. 
3-19), gastropods (PI. 7, Figs. 25-31), cephalopods and trilobites 
(PI. 7, Figs. 32-40). The first true Paleozoic corals appear here and 
exhibit a tendency to form small reefs, while the bivalved molluscs 
and crinlds (see p. 548) tend to be more common. 

The Uj)per Champlainian faunas were at first very similar to 
those of the previous epoch, but the subsequent Arctic and Atlantic 
invasions introduced new types of animals which gradually changed 
into others prophetic of Silurian time. No new organic stocks arose, 
the faunal variations being rather those of detail within the groups 
already present. 

Of the land plants of Champlainian time, very little has been 
recovered (Wales and Kentucky). Fragments of peculiar armored 




























Plate 7. — ('hamplainian sponges (Figs. 1, 2), Imiehiopods (.3-llij, lamelli- 
Ijranclis (20-24), gastropods (25-.31), ceplialopods (22-24), and trilobites (25-40). 

Fig. 1, Cyathospoiujia reticulata; 2, Zittclella typicaiis; 2, 4, Plaly.stroph.ia laticosta; 
5-7, Hchcrtelia simiata; <S-10, Dalniarirlla tc.iitudiriaria; 11, LepUctia rhotuhoidaiis; 
12, 12, Rafinesfpiina alternata; 14, Strophome.na plamunhojia; 15, 10, Rhyn.chotreutia 
capax; 17, 18, 7'riplecia extana; 10, Orthis triccnaria; 20, Ctenodonta cinyulata; 21, 
Cyrtodonfa huroncnaia; 22, By.sfionychia radiata; 22, Pterinea demitsm: 24, Pol])omya 
constricta; 25, Protowartkia caucellata; 2(), ('yrtolitcs ornatus; 27, Troclidnerna u?n- 
hilicatum; 28, Eototnaria supraciufjulata; 20, Cyclnucma humeroHum; 20, Ilormotoina 
gracilis; 21, HcHcoloma planulatoidcs; 22, Orthoceras ruullicanicrahwi; 22, Plectoccras 
(?) occidentale; 24, Schroederoccras catoni; 25, (/ryjdolithus tcssclalus; 20, Ampyx 
nasutus; 27, 38, Calynicne mccki; 20, Ceraurus dcntatas; 40, Isotclus iowensis. (522) 























































fishes, the first of their race known, are abundant in Colorado, South 



Dakota and Wyominj 
fishes are found in river deposits, a fact which we shall find to be of 
much significance in connection with their evolution. 

Cephalopods (see Pis. 7, 12, 25; Text Fig. 347) represent the highest mollus- 
can development. They include the chambered nautilids, which were abun¬ 
dant in the Paleozoic and still have a living representative in the pearly nautilus; 
the shelled ammonites, arising out of the nautilids by way of the goniatites (see 
PI. 12), and developing into the most characteristic Mesozoic invertebrates; 
the shell-less belernnites, originating in the Mesozoic; and their descendants, the 


y.ma 


-s/ 
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sep 


sep 

Fig. 334. — Pearly nautilus, with the shell cut through center to show internal cham¬ 
bers; the animal is fully expanded to show all of the external characters. x h 
After Hancock, e, large eye; h, hood or protective covering for the animal 
when retracted into the shell; hy, hyponome or funnel where water leaves mantle 
cavity; m, mantle, which encases animal and secretes shell (note prolongation 
into siphuncle); ma, dorsal prolongation of mantle; mu, muscle attaching animal 
to shell; se, chambers; sep, shell partitions or septa; si, siphon and siphuncle 
extending from animal through all the chambers to apex of shell; t, tentacles 
around mouth. 

living octopus, cuttlefish and squid. All these forms are exclusively marine, and 
with their carnivorous habits and their alertness of motion, they ruled the seas 
of the Paleozoic until the coming of the marine fishes in the later Devonian. 

Nautilids are the oldest and most primitive division of the cephalopods. They 
appeared with the Cambrian, were especially common in the Champlainian, but 
persisted throughout the Paleozoic and into the Mesozoic, waning with the latter 
part of that era. In the present ocean there are only four relic forms. The most 
prunitive of the nautilids were straight, tapering cones, circular or oval in outline 
{Orthoceras, PI. 7, Fig. 32), one of which reached a length of 15 feet (Endoceras), 
Some of their descendants began to coil, and finally became tightly wound, as in 
the living pearly nautilus (see Fig. 334). The shells were divided into chambers 
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by thin partitions called se])ta, and in life these chambers were filled with gas to 
make the shell more buoyant. The animals swam by forcibly ejecting inhaled 
water through a hyjxmome or funnel. 

Gastropods (see Pis. 4, 7, 9, lb) are single-shelled molluscs such as the modern 
lini])ets, drills, periwinkles, whelks, snails, etc. They live under all conditions, 
in the seas, in the fresh waters, and on the dry lands, and are very varied the world 
over. The usual form of the shell is a spirally twisted cone with the apex ui)ward, 
and because of this single shell they are called univahes, in contradistinction to 
the brachioi)ods and lamellibranchs, which have two shells and are therefore 
bivalves. Primitive forms of gastroi)ods were present in the Lower Cambrian, 
but the twisted type a])pears more and more al^undantly in the Champlainian. 
They are, however, not very valuable as time markers until the Mesozoic, when 
their shells are better ])reserved and they are far more varied. At present there 
are living over 20,000 sj^ecies, a larger representation than at any time in the 
geologic ])ast. 

Lamellibranchs (see Pis. 7, 12, IG), so called because of their lamellar or plate¬ 
like gills, live between two shells, one on the right and one on the left side, dliey 
are, therefore, l)ivalves, but are known more ])opularly as mussels, clams, 03 ^sters, 
cockles and scallops. The shells are held open by an elastic ligament which acts 
like a sjn-ing, but are closed by muscles. The animals are nearly always free, 
and live (jhiefly in the oceans, but also in the fresh waters. The (4ass was not 
well established until the Champlainian, but has persisted from then up to the 
present time. Their shells are often abundant in Paleozoic rocks, l^ut are usually 
not well ])reserved until the Pennsylvanian. They are only occasionally of value 
as stratigraphic markers in the Paleozoic, but beginning with the Mesozoic, they 
are abundantly preserved and often serve as index fossils. 
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SILURIAN TIME AND THE FIRST AIR-BREATHING ANIMALS 

The term Silurian was proposed in 1835 by the great English 
geologist, Sir Roderick Iinpey Murchison, who was for a long time 
the director of the Geological Survey of Great Britain. The area 
where these rocks were first studied is the borderland between 
England and Wales, the home of the ancient Silures, a Celtic race 
who fought Caesar’s legions. 

Silurian time is far shorter than the preceding Champlainian 
period. Almost everywhere in this country the strata of the two 
systems are easily separated by a more or less long break ” or 
interval, such as can be seen in New York State from Port Jervis 
northeast to Kingston and Becraft. 

Seaways (see PL 8). — North America during the Silurian had 
about the same general topographic expression as in Champlainian 
time; that is, the greater interior basin stood but little above sea- 
level, while the highlands, as heretofore, were toward the margins 
of the continent. Twice was the interior low area transgressed by 
great floods, first during the early Silurian (Alexandrian epoch) and 
later during the middle part of the period (Niagaran epoch), when 
from 30 to 40 per cent of the continent was under water. These 
floods came from the Arctic and down the St. Lawrence, spreading 
south into the United States, while smaller seaways spread from the 
Gulf of Mexico northward. There was also a small seaway in the 
Acadic geosyncline that was especially marked by the life of the 
English seas. Of the Cordilleric seas little is known. 

In the Appalachic trough the sedimentaries are coarse-grained 
throughout until near the close of the period, when much earthy 
limestone (cement rock) was deposited in very shallow seas, as is 
indicated by the decidedly sun-cracked strata. The coarse-grained 
rocks are the results of rapid erosion from the highlands of Appa- 
lachis and Acadis following the emergence of late Champlainian 
time. The thickest accumulations occur in east-central Pennsyl¬ 
vania, with valuable iron ores throughout the Appalachic geosyncline. 
The upper 2000 feet of Silurian rocks consist of shales gradually 
becoming more and more calcareous toward the top and bearing 

525 
















526 


OUTLINES OF HISTORICAL GEOLOGY 



Plate 8. — Paleogeography of Silurian time. 

Epeiric seas dotted; oceans ruled. 

Map 1 shows three different stages in the flood of Alexandrian time. Maps 2 and 
3 show the progression of the second flood, while Map 4 has the lingering seas at the 
close of the period, some of which were salt-making basins (the three black spots} 
during the arid conditions of this late Silurian time. 
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valuable deposits of rock-salt and gypsum in New York, Ohio and 
western Ontario. 

Between Buffalo, New York, and the region about Niagara Falls 
may be studied a typical Silurian section, and one of the finest 
exposures in America for strata of this time. The gorge between 
the Falls and Lewiston has the lowest strata reposing on the Cham- 
plainian, wliile the younger deposits appear in sequence toward 
Buffalo. Tlie diagram on page 528 illustrates the sequence of the 
beds and the picture shows them as they appear in the walls of 
the gorge of the Niagara River (Figs. 335 and 336). 

In the interior part of the continent, the Silurian dolomites and 
limestones are of clear and warm waters, and most of them were 
deposited in Aliddle Silurian time. The strata were widely dis¬ 
tributed in two epeiric seas, one being the smaller southern Central 
Interior sea and the other the far larger sea of the Arctic region. 
Nowhere are these deposits thick. 

Volcanoes. — No mountains were made in North America during 
Silurian time. Active volcanoes, however, were common in south¬ 
eastern Alaliie throughout the Aliddle Silurian, as indicated by thick 
Silurian deposits which consist almost wholly of ashes. At the 
same time other volcanoes tliroughout a great part of the Gaspe 
Peninsula in Quebec were ])ouring out vast volumes of lavas; at 
Black Cape in this region the lavas are several thousand feet thick 
and the earliest flows are interbedded with late Aliddle Silurian 
limestones. 

Caledonian Mountains of Europe. — In Great Britain, toward the 
close of the Silurian, arose the majestic Caledonian ranges, extending 
from Ireland and Scotland into far northern Spitzbergen. This was 
one of the most important times in the geologic building of the 
British Isles, and the Caledonian ranges must have been grander and 
loftier than the Alps. In Norway and Sweden, the pre-Devonian 
strata, over an area 1100 miles long, have been overturned and pushed 
horizontally eastward some tens of miles. 

Silurian Climate. — Since the Silurian seas abounded in varied 
life, as we shall see later, and since the deposits in the main were 
dolomites and limestones as far north as the Arctic regions, it is but 
natural to infer that these waters were warm. Additional confirma¬ 
tion is had in the almost universal distribution of the reef-making 
corals. Further, extensive salt-depositing seas existed in eastern 
North America between 40 and 45 degrees north latitude, during late 
Silurian times, indicating a warm and dr}" climate on the land. We 
may, therefore, conclude that the climate of Silurian time, in the 
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Fig. 335. — General view of New York side of Nia| 2 :ara River f;or^»:e. Clinton lime¬ 
stone at track level, tlie lonj^ sloj^e is Rochester shale, and the vertical upper 
walls are Lockport dolomite, here about 25 feet thick; at the falls the Locki>ort 
is 80 feet thick, but its total thickness is 1.30 feet. 



Fig. 330. — Sectional diagram through Horseshoe Falls, Niagara River, showing 
seiiuence of formations and depth of water below falls. Height of falls, l.oS 
feet; dejith of water, 150-200 feet. Modified from G. K. Gilbert. 
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United States at least, was temperate to warm. Tillites of Middle 
Silurian time are known, however, in Alaska. 

Economic Products. — In the Middle Silurian Clinton formation 
of the Appalachic trough from New York to Alabama, there occur 
in many regions one or more beds, varying from a few inches to 10 
and even 40 feet in thickness, of regularly stratified, argillaceous, 
red iron-ore or hematite (Fe 203 ). They contain from 30 to 50 
per cent of iron and were formerly mined throughout the Appala¬ 
chian IMountains, but arc now worked extensively only in the Birming¬ 
ham region (Red Mountain) of Alabama. It is said that over 
600,000,000 tons of these oolitic iron-ores are still available under 
ground. 

The Upper Silurian Salina deposits of central New York, southern 
hlichigan and Ontario, arc one of the ver}^ important sources of sal^ 
in tlic United States. The salt is obtained by deej) mining of rock- 
salt, or by underground solution, the water being forced down 
through one driven hole and pumped out of another, and the brine 
evaporated. 

Life of the Silurian 

On the basis of their faunas the American Silurian deposits are 
geographically divisible into four provinces (1) Atlantic, (2) Southern, 
(3) Arctic and (4) Cprdilleran. The ])est known of these, with the 
longest and least broken record, is the Southern province, em])racing 
the Silurian deposits of the southern })ortion of the Central Interior 
sea and the Appalachic trough. The Arctic and Atlantic provinces, 
of Lower and Middle Silurian time, include much of the northern 
interior part of the continent south almost to the Ohio River, and 
have decided faunal connections with northern Europe. During 
the middle part of the period, however, when the inundation of the 
continent was greatest, the faunas of all the provinces took on a 
more cosmopolitan appearance and had the greatest number of 
species in common. 

The invertebrates still dominated the seas (see Rl. 9). Upward of 
2500 species have been described from the American Silurian, the 
common ones l)eing mainly corals, crinids (see p. 548), bryozoans, 
brachiopods and trilobites. True graptelites were still common in 
the European seas, but in America they are not often found as 
fossils. 

Of trilobites there were still many species, some of which were 
bizarre looking animals with spines on the head and tail (see PI. 9, 
Figs. 18-21). 
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Plate 0. — Silurian corals (1, chain coral; 2, honeycomb coral), blastid (3), crinici 
(4), brachiopods (o-14), jiastropods (15-17), and trih)bitcs (18-21). 


Fig. 1, IIalysites catenulatus; 2, Favosites occidcntalis: 3, Troosiocrinvs rein- 

wardii; 4, Fucali/jdocrinus crassus; 5, (>, MononicrcUd noxeiurraenm; 7, ('honeles 
cornulus; 8, Pcnlainerus ohlonfjus; 9, Rhynchohuia anirncana; 10, Spirifer crispus; 
11, radialvs; 12, Ilyattidiua r.onrjesta: 13, WIrit/icldcUa nilida: 14, Airypa nodo- 
striata; 15, Strophostylns cyclostomus; Ki, Rlatyceras auyidatum; 17, Diaphorostoina 
niciyarense; 18, Ceratocephala dufrenoyi; 19, Staiirocephalus inurddsoni; 20, Deiplion 
forbesi; 21, MetopoLichas breviceps. 

Mainly after the New York and Indiana State Surveys. Also from Scott and 
Zittel. (530) 
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Throughout the Silurian, but more particularly in the later part 
of the period, the eurypterids or so-called sea scorpions were 
common (sec Fig. 337, 1-3); they were, however, not scorpions. 
They usually occur in brackish-water deposits that otherwise are 
devoid of fossils (cement rocks). The largest American species is 
found in New York {Pterygotus buffaloensis), where it reached a 
length of nearly 9 feet. 

The most notable adv ance in Silurian life was the first appearance 
of air-breathing land animals. Tliese were true scorpions and in 
general structure very much like those living to-day (sec Fig. 337, 



Fig. 337. — “ Sea scorpions” or eurypterids (1-3) and scoipions. 1, 2, Eurypterus 
remipea; 3, Eusarcus scorpionis; 4, PalocojDhonus nuncius; 5, P. hunteri. 

4, 5). other air-breathing animals were the thousand-legs (myria¬ 
pods) found in the late Silurian of Wales in association with euryp¬ 
terids. Land plants were now more common, and there was a con¬ 
siderable variety of fresh-water fishes. From this time onward, 
in fact, we shall sec wider and wider home-making on the dry lands 
])y the emerging life of the rivers. 

Corals. — Primitive corals, although i)resent early in the Middle Charnp- 
lainian, did not become common until the Middle Silurian, and then at many 
]:)laces in North America they made reefs, the best examples of which arc seen in 
Wisconsin, Iowa, and the Manitoulin Islands. The animals that build these 
reefs are usually very small (under one-fourth of an inch), though their colonies 
may be 4 feet across. 

Idle Paleozoic corals fall into two groups, the primitive Tabulata, and the true 
corals or Tetracoralla. The Tabulata are always colonial. The individual 
polyps arc as a rule very small, but they build more or less long longitudinal 
tubes that are abundantly partitioned by tabula) and perforated by pores as the 
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verscly, these folds or i)artitions (sei)ta) are seen as radii. The sin^^le i)olyj)s were 
cylindrical or (“onical in shai)e, and are known as cuj) corals; the jz;rouj) as a whole 
takes its name from the fact that the se])ta are arranged in four (juadrants or 
bundles. The hard supporting skeleton was made of calcium (carbonate, and it 
is this skeleton that is preserved to us, showing the exact shape of the body and 
the radiating partitions (.see Fig. 339). The tetracorals were common through- 


animals grow upward (see Fig. 338). Of these colonial forms, the chain coral 
( Hahjsites, PI. 9, Fig. 1) was characteristic of the Silurian and the Cham]dainian, 
and the honeyc^omb corals {Favosites, PL 9, Fig. 2) were great reef makers in the 
Silurian and Devonian, where some of the colonies had a diameter of 4 feet. The 


Fig. 338. — Tabulate or honeycoiiib coral {Favositca). A, from the top; and B 
from the side, to .show transverse partitions (tabula3) and small mural pores. 


organj)ii)e coral {Syrtngopora) was common throughout the Silurian and mo.st of 
later Paleozoic time. 

The tetracorals lived either in colonies or singly, ddiey were very simple 
animals, with a single inlernal cavity, the wall of wliich was bent inward in the 
form of longitudinal folds or ingrowths. When one of these animals is cut trairs- 


L'ig. 339. — Paleozoic Tetracoralla. A, common Devonian cup coral {Ildiophyllum 
halli); B, Silurian cup coral (Zaphrentis umhonata) ] C, a colonial tyjie (Cyalho- 
2 )hijLlum rufjusuvi)\ D, Devonian cup coral, sectioned to show internal talmlai 
(Amplcxus yandelli). After Kominger. 
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out the Paleozoic after Middle Champlainian time, but became rare in the 
Pennsylvanian and passed out of existence with the Permian. 

After the Paleozoic and uj) to the present time the common types of corals are 
the Ilexacoralla, so called because they start with six primary partitions and all 
subsequent cycles of partitions are regularly introduced between the previous 
ones. They are also reef-makers, but live singly as well, although the single 
pol^’ps are not so decidedly cup-shaped as in the Tetracoralla. 
























CHAPTER XXVIII 


DEVONIAN TIME AND THE DOMINANCE OF THE FISHES 

There is no more significant or picturesque period in the history 
of the earth than the Devonian. This is the time when the former 
nakedness of the lands becomes clothed with a deeper verdure and 
the first forests appear, providing the needed homes and food for 
the invasion of the continents by the ever-hungry denizens of the 
rivers and seas. This invasion of the land is fairly under way in the 
Devonian, chiefly in the rivers and lakes, but due to the wide-spread 
arid climates a fierce struggle is instituted among the inhabitants of 
the then temporary waters, resulting in the doniinancy of the better 
e(iuij)ped air-breathing fishes, an issue prophetic of vertel^rate 
ascendency upon the lands, hereafter never to be questioned in its 
onward sweep to its culmination in man. 

Devonian Seas. — During the early Devonian, not more than 
10 per cent of North America was covered with marine waters (see 
PI. 10, Map 1). These seas were long and narrow in the Appa- 
lachic, St. Lawrencic and Cordilleric geosynclines. Late in the Lower 
Devonian the submergence became markedly general and attained 
its maximum flood in the late Middle Devonian (Hamilton time), 
when at least 38 i)er cent of the continent was covered by the sea 
(PI. 11). The waters were warm, for they brought from the Gulf of 
Mexico and down the St. Lawrence many coral species which ])uilt 
extensive reefs. Later there was also an arctic invasion through the 
Cordilleric sea, and it likewise brought an abundance of corals, this 
being particularly true for Alaska and the Mackenzie Valley. 

The longest sequence and the thickest series of Devonian deposits 
occur in the northern Appalachian area, where most of the materials 
are shales and fine-grained sandstones. The Catskills on the west 
side of the Hudson River are the most imposing single Devonian pile 
in the United States. The greatest thickness is in Pennsylvania, 
where the Susquehanna River has cut through the Appalachian 
Mountains; here a maximum depth of nearly 13,000 feet of Devonian 
shales and sandstones occurs, becoming increasingly coarser, less 
marine, and more rapid in accumulation with the progress of time, 
that is, toward the top. Along with the greater rapidity of accumu- 
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Plate 10. — Paleogeography of Devonian time. 

Epeiric seas dotted; oceans ru'ed. See Plate 11 for late Middle Devonian physi¬ 
ography. 

In Devonian time there was but one slowly developing flood, coming from the 
Arctic Ocean with Euro-Asiatic faunas and attaining maximum spread as depicted 
in Plate 11 and Map 3 of this jilate, with slow recession in Map 4. Note in Map 3 
the vast Appalachian delta and the much smaller one of Gaspe, Quebec; also the 
final absence of seas in the southeastern states. 
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OUTLINES OF HISTORICAL GEOLOGY 


lation the marine faunas become increasingly scarcer upward in the 
section, and the sediments change in character to red beds, most of 
which are of fresh-water origin, marked by ripples, sun-cracks, and 
rain prints, and having land plants and fresh-water fishes. Pennsyl¬ 
vania was the central area of a great delta formed at the mouth of 
the large rivers that flowed out of the highlands to the east and 
northeast, in which latter region there was mountain making and 
volcanic activity throughout much of the time of the delta accumula¬ 
tion. From this central and rapidly subsiding delta, the deposits 
thin rapidly to the north, west and south. Another big Devonian 
delta is represented at Gaspe on the end of the peninsula bordering 
the St. Lawrence River on the south. (See PI. 11.) 

During the Upper Devonian the seas were gradually withdrawn, 
earliest in the southern Mississippi valley, then throughout the 
interior of the continent, and lastly in tlie Cordillcran area. If there 
was an}^ Devonian water finally left on the land, geologists have as 
yet failed to discern the transition strata between the Devonian and 
the Mississippian. 

Acadian Disturbance. — The Acadian land, throughout the New 
England States and the Maritime Provinces of Canada, began to be 
elevated and folded in late Aliddle Devonian time, and here also the 
sea was finally completely in retreat throughout the entire area, 
destroying forever the seaways that formerly connected the Central 
Interior sea with the St. Lawrencic trough. This mountain-making 
movement has been named the Acadian Disturbance; it continued to 
the end of Devonian time, since even the Upper Devonian strata of 
continental character are folded. Throughout the whole period, 
and especially in the latter part of it, volcanic activity occurred here 
on a large scale, many of the lavas and intruded granites being j)re- 
served in the IMaritime Provinces. The volcanic cones are now 
eroded away, and what is left are the deeper seated volcanic necks, 
one of which is ]\It. Royal, back of McGill University, Alontreal, and 
others the Monteregian hills farther east. Far greater intruded 
masses are to be seen, however, in many places throughout New 
Brunswick and southern Quebec, and there are great granitic bath^^- 
liths at St. George and in the Little Mcgantic Alountains. Possibly 
also the crystalline rocks of the White ^Mountains of New Hampshire 
and certain others of Vermont and Vlaine arc of Devonian origin. 
With this folding, the rivers of Acadis were rejuvenated, marked 
erosion set in, and the resulting detritals (muds and sands) were 
carried into the Appalachian delta described above. 

In Europe, we have seen that the Caledonian Disturbance toward 
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Plato 11. — Late Middle Devonian paleophysiography. 

Epeiric seas dotted; oceans ruled; lands in wavy lines. See Plate 10 for Devonian 
paleogeograjdiy. 

The prol^alde ge()graphy of late Middle Devonian time, when the Aeadian moun¬ 
tains w('re rising (see p. 53G), from whieh came the main mass of sediments in the 
great Appalachian delta and that of Claspe (black arca<), described on page 530. 
The other highland areas are hypothetic, and oven though the drainage is unknown, 
some rivers have been sketched in. Xote the volcanoes in Ckilifornia. 

The lands were clothed with vegetation and in the lowlands there were forests, 
with trees ui) to 35 feet in height (p. 542). 
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OUTLINES OF HISTORICAL GEOLOGY 


the close of the Silurian resulted in the making of mountains that 
extended throughout its northwestern portion. It was then that 
Laurentis (Canadian Shield-Greenland) was welded upon Baltis 
(Sweden-Finland), forming the most western part of a great northern 
transverse land, known as Eris. 

Devonian Fresh-water Deposits. — The oldest known fresh-water 
deposits of Paleozoic time with an abundance of fossils are those of 
the Devonian, and especially of the Old Red Sandstones of Scotland. 
From this time onward, the geologic record often bears testimoii}" to 
the continental origin of certain deposits and their entoml^ed life. 

The Old Red deposits of J^ritain are a tremendously tliic.k series 
of coarse detritals and volcanic effusives, seemingly accumulated 
under a desert climate in valleys between high mountains that 
were upheaved during the Caledonian Disturbance. Their maximum 
thickness may be as great as 37,000 feet, though in no single area 
is there more than 20,000 feet. These deposits are often very 
decidedly cross-bedded, and the materials are usually poorly assorted. 
The conglomerates are frequently of great thickness, with broken 
blocks as large as 8 feet in diameter. Ripple-marking is frequent, 
and the sun-cracking is deep, indicating that there was long exposure 
to dry air. There are also rain-drop imj:)ressions. All of these are 
characteristic of continental deposits. While the ro(*ks are not red 
throughout the Old Red series, this is nevertheless the dominant 
color; it is usually due to the quartz grains being coated and held 
together by a crust of earthy ferric oxide. Some of the red sand¬ 
stones of Scotland are often full of desert sand grains, and arc liighly 
false-bedded in places, like desert sand-dunes. 

In America there are no Devonian strata that were accumulated 
in inland mountainous areas, like those of Scotland. They are, 
rather, delta deposits formed by large rivers flowing into the sea, 
apparently also under an arid climate. Certain of the Upper De¬ 
vonian formations of New York (Oneonta and Catskill) and the 
sandstones of Gaspe are lield to have been laid down in great coastal 
lagoons receiving terrigenous sediment rapidly and in vast quantity 
from a rapidly rising highland. It is in these regions that are found 
the American Old Red fishes, which appear to have come from the 
rivers and not from the sea. 

Life of the Devoyii an 

The seas after Lower Devonian time swarmed with corals, and 
with brachiopods and other shellfish, and in general the life was not 
very unlike that of the Silurian. The corals were wide-spread. 
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ranging from Louisville, Kentucky, north into Alaska. Of echino- 
derms, the blastids (p. 548) were now common and may have oiigi- 
nated in America. Trilobites were still common, but greatly reduced 
in variety (see PL 12, Figs. 21-24). Especially characteristic of 
the Devonian were the brachiopods (PL 12, Figs. 5-12). 

With the Devonian, the marine fishes first came into prominence, 
and their rise was accompanied by the decline of the trilobites and the 
nautilids, upon which they probably fed. The most striking fishes 
were the highly armored types (Arthrodira, PL 13, Fig. 4). 

The fresh waters of Devonian time must also have abounded in 
life, an inference justified by the fact that over one hundred species 
of fishes alone, in more than forty genera, are known in the con¬ 
tinental deposits of this time. The oldest forms were small spinous 
sharks known as acanthodians (see PL 13, Fig. 3). Various kinds 
of ganoids (PL 13, Figs. 6, 7), fishes related to the living sturgeons 
and gar-pike, were the common fresh-water 
forms, and there were also many lung-fishes 
or dipnoans (PL 13, Fig. 5). The group 
which has probably aroused more specu¬ 
lation than any other is that of the curious 
aberrant ^bvinged^^ fishes known as Ostraco- 
derini, which lived in the rivers (PL 13, Figs. 

1 , 2 ). 

Of vertebrates higher than the fishes, the 
only evidence rests upon one foot imprint 
{Tliinojms)^ nearly 4 inches long, which 
was found near the top of the Upper 
Devonian of western Pennsylvania (Fig. 

340) . This indicates the presence of a 
salamander-like animal with a probable 
length of nearly 3 feet. 

Plants and the Climate. — In the De- 
vonTah there is much evidence of land plants,'^ ding toe, iv probably a 
but it is not until the Middle Devonian nidimentary toe. Original 
that we can speak of assemblages of plants, University. After 

or floras, for in the early part of the 

period these fossils are still very scarce. In the upper third of 
Devonian time there was a considerably diversified flora, forming 
the oldest or first forest, in which flourished fern-like plants, fem-like 
trees {Psaronius), rushes, tall ground pines (lycopods), and primitive 
evergreens with woody trunks nearly 2 feet in diameter (see Fig. 

341) . Drifted logs of these trees are often found in the marine 



Fig. 340.— The oldest known 
amphibian footprint {Thi- 
nopus antiquus), from the 
Upper Devonian of Penn¬ 
sylvania, one half natural 
size. I and II are fully 
fnrmnd tons. Ill a bud- 




















Plate 12. — Devonian corals (1, 2), blastids (3, 4), braehiopocls (5-12), lamellibranchs 
(13-17), goniatites (18-20), and trilobites (21-24). 

Fig. 1, HcHophylhim halli; 2, Cystiphyllum reswuloHinn; 3, J^entremiiidm filosa; 
4, (iranatocrinus Icda; 5, Chonetes HctiganiH; G, ProductcLla hir.suta; 7, Tropidolrptufi 
carinatns; 8, Spirifer pennatus {mucronaiuH); 9, *8. nirdiali.s; 10, S. arcyiosus; 11, 
Ambocceliaumhonata; 12, Athyrifi apiriferoidrs; 13, Plcrinca JlalxiLlum; 14, AclinodcHtna 
erectmn; 15, Orlhonota undulafa; 10, (J(mio])fiora carinata; 17, (irarmny.sia bisuicata; 
18, AphyUitefi vanuxemi; 19, Manticoceras oxy; 20, Brancoerras .sulcaiuta; 21, ()don~ 
tocephaliis sclcmirus; 22, Cryphams jyunctalus; 23, Dijdcimi dekayi; 24, Bhaa)])s fjiifo. 

(rAO) 
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Plato 13. — Devonian Marine and Old Ped Sandt?tonc fishes. 

Primitive armored fishes or ostraeoderms (1, 2), i)rimitive fresh-water shark or acan- 
thodian (3), “terrilde fish” or marine arthrodirc (4), lung-fish (5), and ganoids (6, 7). 

Fig. 1, ricm-spis rontrata; 2, Pterichthys viilleri; 3, Climalius inacnicoLi; 4, Coc- 
coslcus decipiens; 5, Dipterus valencienncai; G, Osteolejns macrolepidotus; 7, Flolojity- 
chius Jlcminyi. 
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deposits of Upper Devonian time. At Gilboa in the Schoharie 
Valley, New York, have been found more than thirty great stumps 
and spreading roots of tall trees still standing in their native soil. 
These trees attained a height of 30 to 40 feet, and are thought to 
have been seed-ferns. For a further discussion of these ancient 
plants, see Chapter XXXII. 

One of the most remarkable facts in connection with this flora 
was its wide distribution and uniform character throughout eastern 



Fig. 341. — Ro.^torod land j)lants of tho Devonian. .4, lyeopod tree {Proiolepidoflcn- 
dron prirmmnmi) from tho Portage of New York, heiglit as restored in New York 
State Mu.seiim about 20 feet; B, leaf l)ases, and (\ needle-leaf of .same tree; D, 
a very primitive plant {PsUophifton vrinceps) attaining a height of .several feet, 
as restored by Dawson with fructifications. E, terminal branch of same, en¬ 
larged. 

North America and into the Arctic region, Spitzbergen and north¬ 
western Europe, indicating equable climates and the coni})lete union 
of North America and Europe across Greenland, Spitzbergen, Nor¬ 
way and Great Britain. None of the trees show annual rings of 
growth attesting to seasonal changes due to a varying climate or 
to prolonged drought, and it is held that the general climate of this 
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time was miiformly warm though scmiarid, the known forests being 
localized in wet j^laces along the valleys and in the swamp areas near 
the sea front. That the climate was warm is further shown in the 
wide distribution of the reef corals of the seas, which extended even 
into arctic regions, but that the air was more or less semiarid is 
l)roved further by the prevalence of the oxidized and red continental 
deposits of Eris. 
























CHAPTER XXIX 


THE MISSISSIPPI AN PERIOD AND THE CLIMAX OF ANCIIONT 

SHARKS 

The Upper Paleozoic rocks were originally regarded as comprising 
but a single period of time, and because coal (carbon) is common 
in them, they were called the Carboniferous System. In western 
Europe, where Geology had its inception, the coal-bearing strata 
are of wide occurrence, and in England the miners have long used 
the term “ Coal Measures.’^ At present the Europeans recognize 
two systems. Carboniferous (Lower and Upper) and Permian, while 
in America three are now accepted, namely, Alississippian, Pennsyl¬ 
vanian and Permian. 

The geologic record of JMississippian time in North America is 
markedly dilTerent from that of the succeeding Pennsylvanian, for 
the former is chiefly of the sea, while in the latter in the eastern 
half of the continent there is an alternation of the sediments of 
marine floodings with accumulations of coal ))eds in vast inon^ or 
less fresh-water swamps. In other words, the ]\Iississii)j)ian is a 
recurrence of Devonian conditions, while the Pennsylvanian for¬ 
mations alternate between those of the sea and land. 

Eastern North America during the AIississi])i)ian was bordenul 
as before by greater Ai)palachis, and as this old land had been re¬ 
elevated at the close of the Devonian (Acadian Distui-bance), it 
was natural that the shallow seaways to the west of it as far as the 
Cincinnati arch should be depositing much mud and sandstone and 
but little limestone. In the i\Iississip])i valley the small seaways 
had, as a rule, clearer water, and here the dominant rocks are lime¬ 
stones and oolites, although the period opens with black muds. 
Along the Pacific coast was the old land Cascadis, and to the east of 
it lay a wide shallow sea depositing in the main limestones. At 
times this sea connected with the marine waters of the Mississippi 
valley. 

Toward the close of the period, mountains arose in several place's 
as will be shown later, separating the IMississippian from the Pennsyl¬ 
vanian. Within the period there was also wide-spread retreat of the 
seas, especially in western North America, and the Mississippian, 
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therefore, separates into two epochs, Early Mississippian or Waver- 
lian time, and Late Mississippian or Tennesseian time. 

Waverlian Time. — The sul)mergence of Waverlian time (named 
from Waverly, Ohio) began in the Gulf States and along the western 
side of the Cincinnati uplift. The seas were at first small in extent, 
])ut later were greatly expanded on either side of the al)ove-mentioned 
axis and in the Appalachic trough. In the Acadian area of New 
Brunswick and Nova Scotia there was another basin of deposition, 
but with strata wholly of fresh-water intermontane character. The 
most striking change of this time, however, was the reappearance of 
the Cordilleric sea, depositing far and wide throughout the Rocky 
JMountains a great mass of limestone, known as the Madison lime¬ 
stone, through which in many places deep and picturesque canyons 
have been cut, as, for example, the Grand Canyon of the Colorado. 
This Cordilleric sea is also known in Alberta and on the Liard River 
in the Mackenzie region, and probabl}^ extended into the Arctic 
Ocean. That it connected at times with the Central Interior sea 
either across Colorado or New Mexico into Kansas and Oklahoma, 
is proved b}^ identical species in both; in fact, more than one-third 
of the Cordilleran forms also occur in the Central Interior sea. The 
Cordilleric waters vanished completely at the close of this first 
epoch, to reappear, greatly altered in geography, in the succeeding 
Tennesseian epoch. During the maximum submergence of Waver¬ 
lian time al)out 26 per cent of North America was under the sea. 

Tennesseian Time. — The seas of early Tennesseian time began 
a renewed spread in the Central Interior area and attained their 
maximum toward the close of this epoch. It appears that never was 
more than 12 per cent of the medial portion of North America sub¬ 
merged, while the average for the epoch may have been about 8 
per cent. Nowhere are there more than 1100 to 1800 feet of sedi¬ 
ments, most of which in the center of the area are limestones and 
oolites. On the flanks, and especially along southern Appalachis, 
there are sandy or calcareous marine shales that attain a thick¬ 
ness of several thousand feet, but the deposits in the northeastern 
part of the Appalachic trough are, in the main, of continental 
origin, being soft, red, sandy shales devoid of marine fossils (Mauch 
Chunk). 

In the Acadian area there was another sea of this time, consisting 
of narrow connected troughs between mountain ranges made during 
the Acadian Disturbance. These seaway's deposited conglomerates, 
sands, much mud, thin zones of dolomites, and great quantities of 
gypsum, that together have an estimated thickness of 2000 feet. 





















Plate 14. — Mississippian Protozoa (1, 2), reof-ooral (3), p;oniati(l (4), sea-nrcliin (5), 
hlasticl.s (G, 7), and orinids (S-14, 9-11 eaincrate). 

Figs. 1, 2, Endothyra haileyi; 3, Axinura canadensis; 4, Brancoccras ixion; o, 
Mclonechinus muUiporiis; 6, Pentremites conoideus; 7, P. eUrnyatns; S, Ayassizitcrinus 
dactyl if or mis; 9, Plalycrinus symmcLricus; 10, Batocrinus pyriformis; 11, Ayaricocrinus 
bullatns; 12, Forhesiocrinus ivortheni; 13, Onychocrinus ramiilosus; 14, Cyathocrinus 
multihrachiatus. In the main after the Indiana State Survey. (54G) 
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The fauna is a distinct one, with English affinities, and has no close 
relationship to those of other American seas. 

In the Cordilleran area the late Tennesseian formations have 
Pacific faunas, and south of Colorado the trough still remained very 
wide, the narrowing here not taking place until the close of the 
Pennsylvanian. 

Ouachita-Cahaba Disturbance. — In the southern Appalachic geo¬ 
syncline of central Alabama (Cahaba coal field), there are at least 
10,000 feet of coarse deposits, conglomerates and sandstones, all of 
which are either of latest Tennesseian or earliest Pennsylvanian age. 
A similar series (Stanley-Jackfork), having a maximum thickness of 
over 12,000 feet, was laid down along the south side of the Arkansas 
valley, extending into southeastern Oklahoma, that is, in the area 
of the Ouachita Mountains. These great thicknesses of detritals 
show that in southwestern Appalachis and in northeastern Llanoris, 
mountains of no mean altitudes had been in existence during late 
Tennesseian time. These orogenic movements, known as the Oua¬ 
chita-Cahaba Disturbance, and resulting in a greatly changed 
geography of the Central Interior seas and a consequent long emer¬ 
gent time, separate the Tennesseian from the Pennsylvanian. 

Windsor Disturbance. — In Nova Scotia and New Brunswick, the 
Cheverie and Windsor, and all of the older formations as well, were 
toward the close of the Tennesseian also folded into a high series 
of mountains ( = Windsor Disturbance). Mountains were also 
made at this time in Great Britain and Germany. 


Life of the Mississippian 

In Middle Waverlian times the life of the seas was most diversified, 
and there was an abundance of crinids (see below) in great variety, 
a richness of development never attained before or afterward by this 
class of animals. In the Tennesseian, however, the crinids were far 
less diversified. Other kinds of invertebrates abundant in the 
Mississippian seas were the bryozoans, cup corals, and brachiopods; 
one brachiopod genus, Productus (PL 16, Figs. 5-11), was, in fact, 
so common and conspicuous in the seas of all three Carboniferous 
periods that they are often called Productus seas. Among cephalo- 
pods, the nautilids were no longer so prevalent as they were in earlier 
times. Their descendants, the goniatites (PI. 14, Fig. 4) were now 
rising into ascendency and were more common than in the Devonian, 
but this statement applies rather to the European seas than to the 
Central Interior sea. Trilobites were almost gone. 
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In the Tennesseian, two groups of echinoclerins were especially 
well developed. These were the blastids {Pentremites) described 

below, which arc the 
guide fossils to the 
marine deposits of this 
time, and in places 
arc so common that 
geologists have called 
the beds the Pcntrem- 
ital limestones; and, 
associated with them, 
though far less com¬ 
mon, the equally char¬ 
acteristic sea-urchins 
known as Melonecki’- 
nus (melon-urchin, see 
PL 14, Fig. 5). 

Crinids (see PL 14, Figs. 
8-14), also called feather- 
stars, belong to the sj)iny- 
skinned sea animals tech¬ 
nically known as Echino- 
derma. ddiey are distant 
relatives of the starfishes 
and sea-urchins, but are 
anchored to the bottom 
by a more or less long 
stalk instead of moving about freelj^ as is the habit of the two latter groups. 
They are usually gregarious. They consist of three main parts: (1) the calyx 
or body, (2) the feathered arms, and (3) the stalk. In the Paleozoic, crinids 
were very common, especially the forms known as box (trinids (Camerata, 
now extinct; see Fig. 342). In certain horizons in the Mississij)pian they occur 
in such abundance as to make limestones a hundred feet in thickness, called 
crinidal limestones. 

Blastids (see PL 14, Figs. 6, 7) are small, stalked Echinoderrna that arose in 
early Champlainian time. In a broad way, their fossils resemble nuts and be¬ 
cause of this the ])eople in the Southern States, where they are common, often 
call them ‘‘ fossil hickory nuts.” They are far more simply built than the 
crinids, and differ markedly in having no arms. 



Fig. 342. — A box crinid (Batocrinus pyriformis) from 
the Mississippian of Iowa. A, stalk, calyx, arms, 
and anal tube, from the side, /i, plates of calyx 
spread out to show shai)e and arrangement. After 
Keyes, Geol. Surv., Missouri. 


Large sharks of the shell-feeding type were becoming more and 
more plentiful during Waverlian time, for their hat, crushing teeth 
and large fin spines are often abundant, and especially so toward 
the close of this epoch (Keokuk time). In the American Devonian 
there are 39 species of shell-feeding sharks, in the Mississippian 2S8, 
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in the Pennsylvanian 55, and in the Permian 10. It is apparent, 
therefore, that there was a very rapid evolution of the sharks in the 
Waverlian, when they were the dominant marine fishes, with a (piick 



Fig. ,343. — Cochliodont (A) and cestraciont {B) teeth of primitive sharks. A, jaw 
with two large tooth-plates (Cochlioclus contortus). B, upper jaw, with many 
teeth, of Port Jackson shark (Cestmeion philippi). liritish Museum (Natural 
History). 


decline during tlie Tennesseian, the history being the same in Europe. 
These sharks were all of primitive types, and by far the most com¬ 
mon were those with pavement-like teeth, known as cestracionts, and 
the cochliodonts (Fig. above). 




















CHAPTER XXX 


THE PENNSYLVANIAN PERIOD, THE TIME OF GREATEST 

COAL MAKING 

The outstandinji; features of the Pennsylvanian period are its 
variable geography, resulting in great coal-making swamps, and its 
abundance of coal-making i)lants. The period was especially one 
of crustal unrest. Previously during the Paleozoic the times of 
mountain making occurred at or toward the close of the periods, but 
during the Pennsylvanian the mountains were raised repeatedly. 
The seas, due to this marked instability of the earth^s surface, oscil¬ 
lated back and forth over the low lands more actively than before. 
The climate was warm and genial the world over, and the lands 
bordering the epeiric seas were moist, with an abundant and well 
distributed rainfall. Under these conditions great fresh-water 
swamp areas developed, replete with a varied flora, which grew 
quickly and reproduced itself in the main through spores. These 
plants were buried in the swamps where they had lived, and accumu¬ 
lated there in such vast quantities as to make the greatest of the 
world’s coal reserves. 

The marine and fresh waters had an abundance of animal life, 
but of greater significance was the presence on the lands of air- 
breathers in plenty, from plants, snails and insects to amphibians 
and reptiles. It was still, however, an ancient organic world, but 
the prophecy of medieval times was upon it, and its unfolding was to 
begin in the next or Permian period. 

Seaways (see PI. 15). — The Pennsylvanian seas submerged great 
parts of the continent, coming from the southwest over Texas and 
Oklahoma and overlapping the land northward into Nebraska and 
eastward into Pennsylvania. The submergence was most extensive 
in middle Pennsylvanian time, when about 30 per cent of North 
America was again under the sea. During the greater part of the 
period, the sea-level in the eastern half of the Lhiited States was 
decidedly oscillatory, due to local warpings of the land, and here the 
Coal Measures are largely a series of interbeddings of shallow marine 
and brackish-water finer sediments with coarser ones of fresh waters. 
A final regression of the seas began late in the period, and tliey 
lingered longest west of the Mississippi and south of the Missouri 
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Plate 15. — Paleogeography of Pennsylvanian time. 

Epeiric seas clotted; oceans ruled. Fresh-water deposits cross-ruled; coal-making 
swamp areas in solid Idack. Note that the latter are in areas of the seas (1 = paralic 
coals), and in fresh-water basins of deposits (2 = limnetic coals). 

Note the vanishing of the Appalachic geosyncline, and the spreading of the southern 
Cordilleric trough acu’oss Mexico. The former change is prophetic of the rising of the 
Appalachian Mountains, illustrated in Plate 17. 
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rivers, retreating more and more to the southwest in very latest 
Pennsylvanian time and continuing to retreat, but far more slowly, 
throughout the Permian. 

Sediments. — The most striking feature of the Pennsylvanian 
strata in this country and Europe is the fact that they contain 
the greatest known accumulations of coal. In the Maritime Prov¬ 
inces of eastern Canada, the Pennsylvanian is well developed and 
usually of very great thickness. The celebrated Joggins section 
of Nova Scotia is 13,000 feet in depth and consists entirely of con¬ 
tinental deposits, with some workable coal beds. The Cape Breton 
series is 10,000 feet thick and the Pictou field has a simihir thickness; 
both of these regions also have valuable coal beds. It is very rare 
for marine fossils to be reported from this region. 

In the Appalachic basin east of the Cincinnati arch, and in the 
greater Central Interior sea to the west of this axis and extending 
into Nebraska, Kansas, Oklahoma and central Texas, the formations 
have alternations of marine deposits with coal accumulations (see 
PI. 15, Map 2). It was in these areas, therefore, that the sea-level 
was most oscillatory, and here workable coal occurs. In the Appala¬ 
chic basin the mass of strata is not only thicker, but also coarser, 
consisting, in general, of sandy shales and sandstones with the 
marine and calcareous zones inconspicuous or locally absent, the 
marine zones vanishing eastward. Here also the coal accumulations 
are thicker, as the swamps were of greater areal extent, lasted longer, 
and were less often under the influence of the sea. 

The essentially muddy and sandy marine deposits of Pennsylvanian 
time in eastern Kansas thin out into Nebraska and Iowa but increase 
southward into a tremendously thick delta series of sandstones and 
sandy shales that are almost devoid of workable coals. To the 
south and southeast, there then lay a high land of large dimensions 
known as Llanoris, from which these sediments came. West of 
Little Pock, Arkansas, into southeast Oklahoma occurs the thickest 
series of Pennsylvanian strata known anywhere in the world, with a 
depth of between 20,000 and 25,000 feet. 

The fossiliferous marine condition of the later Pennsylvanian beds 
of Nebraska and Kansas gradually vanishes more and more toward 
Oklahoma, and the greater part changes into the widely known red 
beds of that state, Texas, and the southern Great Plains country 
(see PI. 15, Map 4). With the appearance of the red deposits, 
not only do the marine fossils disappear, but tremendously thick 
beds of table salt and gypsum occur. On going south in Texas, the 
amount of gypsum becomes less, the red beds yield very interesting 
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amphibian and reptilian remains, and the time is toward the close 
of the Pennsylvanian or is Permian. 

In the Cordilleran region, the record is very different from that of 
the eastern portion of the continent. In the area of the Rocky 
Mountains and the Great Plains, wherever Pennsylvanian forma¬ 
tions are known, they are as a rule limestones of normal marine 
waters, and only in New Mexico and southeastern Colorado is there 
an alternation of this condition with that of coal making. 

Along the Pacific border from northern California into arctic 
Alaska, the limestones and calcareous shales of the Pennsylvanian 
and early Permian are interbedded with much extrusive volcanic 
material. The calcareous deposits often abound in fossils unrelated 
to those found elsewhere in North America, showing that here the 
North Pacific faunas prevail. 

Pennsylvanian Mountains. — The late Mississippian and Pennsyl¬ 
vanian periods were times of marked crustal movement, resulting 
in far-reaching changes in the distribution of land and sea. In 
central and western Europe, the movements began shortly after 
the close of Lower Carboniferous time, were renewed in the Upper 
Carboniferous, and again in the Permian. In the heart of Europe 
there arose a mighty chain of folded mountains, the Paleozoic Alps 
of Europe^ whose stumps of massive rocks may be seen in Germany, 
France, Belgium, England and Ireland to-day; their general dis¬ 
tribution is shown in the figure on page 387. Mountains also arose 
in the Pyrenees, the Spanish Meseta, Corsica, Sardinia and the Alps. 
The folding of the Urals likewise began in later Carboniferous time 
and attained its climax in the Permian. Even in Armenia, central 
and eastern Asia (Altai, Tianschan, etc.), and South Africa, Australia, 
and the Andes can be followed the traces of the mountain-maldng 
movements of this time. (See Fig. 344.) 

Just as high mountains arose in western Europe shortly after 
the close of the Lower Carboniferous, so similar ones came into 
being in America at the end of the Mississippian. The ancient 
land Llanoris of Louisiana, Texas, Oklahoma and Arkansas was in 
movement early in the Pennsylvanian and again later in this period, 
j while in Oklahoma arose the Arbuckles and Wichitas. 

The coarse and thick deposits of the late Pennsylvanian and 
Permian in New Mexico, Colorado and Wyoming, known as the red 
beds, have recently been interpreted as the debris brought down 
from a newly arisen area to the east of them. These mountains, 
the ancestral southern Rockies^ were also the source for most of the 
red beds of central Texas and Oklahoma, a region that in Pennsyl- 
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vanian time, however, was getting its sediments from the southeast 
or Llanoris. This orogeii}^ completely clianged the geograjdiy of 
the area of the southern Rocky Alountains, and different seaways 
with different faunas lay on either side of these mountains. 

Along the Pacific border, the extrusive igneous material inter- 
bedded with the Pennsylvanian marine formations testifies to an 
abundance of volcanoes from northern California north into Alaska. 

The region of New Brunswick and Nova Scotia of the Acadian 
area is a fine one to illustrate in interniontane marine and continental 
deposits a successive series of elevations. Here may be studied 
two movements that made for interniontane seaways, and four that 



Fig. 344. — The ranges of niouiitaiiis elev^ated toward the close of the Paleozoic: 

Appalachians, Andes, Paleozoic Alps of Europe, and others. 

are recorded in fresh-water valley deposits. The first inovenient, 
toward the close of the Devonian, let in the sea only jiartially (Hor¬ 
ton-Albert series); then came the second orogeny, liringing in the 
Windsor sea of late Mississipiiian time. This jicriod was closed 
by a third time of mountain making, which lilotted out in Acadis 
nearly all the seaways. In middle Pennsylvanian time came the 
fourth movement, and the fifth after this epoch. The sixth is of 
Permian time. 

Coal and Petroleum. — Coal is a compact mass of jilants, greatly 
altered through decay, tlie end result of whicli is mainly carbon. 
The first stage of accumulation and decay is the formation of peat, 
which is explained on pages 175-179. The transformation of peat 
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into the various kinds of coal is the result of dynamo-chemical 
processes resulting from deep burial and great pressures during 
long periods; these bring about the further escape of the gases and 
fats and leave greater and greater amounts of fixed carbon. Anthra¬ 
cite coal, for example, which has 90 to 95 per cent of fixed carbon, 
almost invariably occurs in regions where the strata are much 
squeezed and folded, as in the mountain sections of Pennsylvania; 
and where the strata are still more greatly deformed, as in the Rhode 
Island field, the coals are graphitic, consisting wholly of fixed carbon. 

In 1912 the soft coal mined in the United States amounted to 
450,000,000 short tons, valued at the mines at $518,000,000. The 



Fig. 345. — Known distribution of coal in the United States. Black areas, coals of 
Pennsylvanian age, except in Virginia and North Carolina, where the eastern 
areas are of Triassic time. Areas with horizontal lines, in the Rocky Mountains 
country, coals of Cretaceous age. Areas with diagonal lines, coals of Cenozoic 
time. U. S. Geol. Surv. 

anthracite output of Pennsylvania for the same year was 75,000,000 
tons, valued at $177,000,000. In 1913 three-quarters of a milhon 
men were employed in the mining of coal. From 1814 to the end of 
1900 the United States had produced 4,470,000,000 short tons of 
coal, and ])y the end of 1914 the total had risen to 10,358,000,000 
short tons. The total amount of coal in the United States still 
within 3000 feet of the surface is estimated at about 3,540,000 
million tons. 

Petroleum and natural gas are mixtures of carbon and hydrogen, 
and are hence called hydrocarbons. They are the decomposition 
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Fig. 346. — Pennsylvanian flora and amphibia, as restored by J. Sniit. In the 
background are seal trees (Sigillaria), with tree ferns and conifers in the middle 
distance. In the foreground are rushes (C'alamitca) and seed-bearing fern-like 
plants. Amphibia are reiiresented by a small four-limlied microsaurian {Kcralcr- 
peton), a large-headed form {Loxornma), and a snake-like, gill-lieariiig stegoce- 
phalian (Dolichuisuma, from Linton, Ohio). From Knipe’s Nebula to Man, 






















THE PENNSYLVANIAN PERIOD 


557 


residues of plants and animals that lived in bygone times, and mainly 
in the seas. Forming at the times when the marine strata originated, 
the hydrocarbons are stored away in solid form in muddy rocks and 
mainly in black shales. They are subsequently freed as liquids or 
gases from these mother oil strata by the waters of the earth’s outer¬ 
most shell which are circulating under great pressures, and by these 
waters are carried into porous or cavernous formations, mainly sand¬ 
stones. Where the strata remain practically horizontal, petroleum 
and natural gas may be of any age younger than the Proterozoic, 
but where they are folded into mountains the volatile hydrocarbons in 
paying quantities are gone in rocks back of the Jurassic. The rocks 
storing the hydrocarbons are tapped by wells drilled into them at 
depths between 500 and 5000 feet or more. 

In the United States the petroleum industry began in Pennsylvania 
in 1859 with a production of 2000 barrels. In 1920 the yield had 
risen to the astonishing sum of 450,000,000 barrels, and the annual 
yield of natural oil and gas is now worth not far from one billion 
dollars. 


Life of the Pennsylvanian 

With the Pennsylvanian,* land plants began to be common, and ^ 
the swamp floras were then luxuriant, large and varied (see Fig. 346). 
Furthermore, these floras, and the land animals as well, were not 
only very much alike in the different lands of the northern hemi¬ 
sphere, but there was a marked similarity even between the floras 
of the two hemispheres during the greater part of Pennsylvanian 
time. In other words, the floras, and to a lesser extent the faunas, 
were cosmopolitan, and their similarity was undoubtedly due to 
e(iuable climates and easy migration across the extensive east-west 
continent Eris. 'V Their distribution was further facilitated by the 
fact that most of the plants had spores, or microscopic reproductive 
germs, which could be widely blown about by air currents. 

As a result of the warm climate and great development of the 
faunas, the Pennsylvanian was the time of giant insects, the largestu- 
ever known. The maximum size was reached by those of the dragon¬ 
fly type, one of which, found in the Coal Measures of Belgium, 
measured 29 inches across the wings. The period well deserves the 
title of the Age of Cockroaches, since more than 800 kinds are known 
from its rocks. They were mainly carnivorous, and as a rule large, 
several attaining a length of 3 to 4 inches. 

In the Pennsylvanian rocks scorpions are found, which, ancient 
as they are, much resemble those of modern times. Associated 





















10 




11 


14 


13 




i« 


.IT , 




24 


19 


21 


20 


Plate 16. —Pennsylvanian Protozoa (1, 2, Fusiilinidaj), brachiopods (3-10, o-ll pro- 

ductids), bivalves (17-21), and gastropods (22-24), and one of the last trilol)ites (2.5). 

Fig. 1, Triticiles sccaliciis; 2, same out through oenter; 3, C'honctes 7)iesolofnis: 
4, C. verneuilianus: .5-7, df)rsal and vontnil valves, and dorsal interior of Prodnclns 
nehraakaensis; 8 and 9, P. punrfatus; 10, P. semircticHlalus; 11, P. cora: 12, S})in'f<r 
cameralus; 13, Arnboaclia planocotwera; 14, C'otnpo.sila suhfilifa: 1.5, Ilii.strdia 
mormoni; 16, Di(daiim(L hori/lens; 17, Psmdomonotiii haivni; 18, Mj/alina fiuhfp4(ul- 
rata; 19, Alloriama sidxpiadraium; 20, Srhizodns han'l; 21, Lcda hcllislt'lafa; 22, 
Euphetnus carhonarius; 2.3, Solcniacua fiiaiformia; 24, WorUicnia iabalata; 2.5, Phd- 
lipsia major. (658) 
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with them were many forms of thousand-legs and rather stout 
spider-like animals. 

Of the higher kinds of animals, the vertebrates, there is evidence 
of the presence of many kinds of Amphibia (46 genera, see Fig. 346). 
Skeletal remains of the next highest class, the Reptilia, which were 
to dominate the lands in the following Permian period, are first found 
in the Upper Pennsylvanian. 

In the marine waters of the Pennsylvanian, the invertebrate life 
was not only prolific but very varied (see PI. 16). It was, moreover, 
cosmopolitan. Prachiopods arc the (common fossils in this country. 



Fig. 347. — Characteristic cei)lialopods of the Pennsylvanian. A-C, nautilids; D, 
F, goniatites; E, G, ammonites; and B, Solenochcilus kentuckiensc; C\ Doma- 
toceras militaritnn; D and F, (Bi/phiocems incusuni; E and G, Waagenoceras 
cumminsi. From the Texas State Survey. 

l)ut their pla(*es were l)eing taken more and more by bivalves remind¬ 
ing one of living scallops and long-shelled clams. Of greatest interest 
were the shelled cephalopods, destined to rapid development in 
Permian times (see lug. 347). 

On the bottoms of the Pennsylvanian seas lived great (piantities 
of fusulinids, warm-water animals that made small spindle-shaiTed 
l)odics of carbonate of lime (PI. 16, P^igs. 1, 2). These at times built 
up thick limestones, and were common even in Spitzl^ergen above 
76° north latitude. 

Foraminifera. — Fiisulina is a genus of Foraminifora, tlie latter being one of 
the most primitive groups of tlie class Protozoa. Their shells are perforated by 
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openings or foramina, hence the name. Each foraminifer is a tiny globule of 
protoplasm with a central body known as the nucleus, which is the seat of vital 
energy. Some Foraminifera live in a single cell, but more commonly many cells 
are combined into a colony, as are the species of Fmulina. They are common 
as fossils since the Middle Cambrian but were not rock makers until the later 
Mississippian. Studied under the microscope, they are coming to be used in 
the determination of oil-bearing horizons. 
























CHAPTER XXXI 


PERMIAN TIME AND ITS GLACIAL CLIMATE 

When Sir Roderick Murchison had become widely known as the 
great leader in English Stratigraphy, he was asked by the Czar to 
study the geologic sequence of western Russia and chiefly of the 
Ural Mountains. In this work he was associated with Von Keyser- 
ling of Russia and De Verneuil of France. Their studies led to the 
discernment of a distinct series of highly fossiliferous marine and 
brackish-water formations that lay above the Coal Measures and 
beneath the Triassic. These were found well exposed along the 
western flank of the Urals in the Province of Perm, and using this 
geographic term Murchison proposed in 1841 to include them under 
his new term Permian system, which has now come into universal 
use. 

The Permian is the closing period of the Paleozoic era, but in our 
continent the marine record stops with the Lower Permian, and 
there is no record of Middle and Upper Permian times other than 
that of erosion. Almost all of the Lower Permian formations occur 
in the Central Interior and southern Cordilleran regions of the 
United States. The marine waters that laid down these deposits 
came from the Gulf of Mexico; they were normally marine toward 
the south and west, but their northern and eastern extensions spread 
vast sheets of red beds that have thick deposits of anhydrite and 
salt. It was an epeiric sea surrounded by desert conditions, and 
the brackish-water phase entombed in places a wonderful series of 
reptiles and amphibians. 

By far the best known sequence of American Permian formations 
is that of Texas, where they appear to continue the Pennsylvanian 
strata without a break. In the central and northern part of the 
state they are of the red beds phase, and as such are continued north 
across central Oklahoma and Kansas into eastern Nebraska. Here 
these deposits are not thick and are of brackish-water origin, thicken¬ 
ing more and more into Oklahoma and Texas, where toward El 
Paso occur nearly 10,000 feet of dolomites, limestones and red beds, 
with vast amounts of anhydrite. In Texas the clastic materials 
appear to have been derived from the rising Ancestral Rocky Moun¬ 
tains in Colorado and New Mexico; they are vast tidal flat and river 
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Plate 17. — Late Lower Permian paleophysiography. 

Epeiric seas dotted; oceans ruled; lands in wavy lines. See Plate lo, Map 4, for 
early Permian i)alef)geography. 

The time of the seas shown on this map (the earlier inva.sions are in darker sluuling) 
is late Lower Permian, Init the rising of the mountains came lat(‘r. Ihistern North 
America, in the Ai^palachian area, stood liigher then than at any sul>se(iuent time. 
Note also the Ance.stral Rocky Mountains of Colorado, and the several domal arejis 
in the central United States (see i^p. 553, 5(53). The nu'dial ridge through the Cana¬ 
dian Shield is drawm too ijrominently, and ei)eiric seas may also have extended 
acro.ss the broken-lined area in ('alifornia-Sonora. 

The climate w^as wairm arid, and the seas of the Great Plains area left much salt 
and gyp.sum in their wdthdraw'al (pp. 5()1, 563). The Permian ice age came just after 
the time of this map and probably before the Aj^palachian Mountains had been com¬ 
pleted (pp. 565-566). (562) 
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deposits of an arid climate, spread eastward into the epeiric seas that 
came over the continent from the far south (see PL 17). 

Salt Beds. — In the preceding paragraph attention was directed 
to the red beds of different ages and of vast extent in the southern 
medial region of this country. Such widely spread red formations 
indicate the presence of arid or desert climate, and their evidence is 
strengthened by that of the great salt beds of Texas, Oklahoma and 
Kansas. In the last named state, at Hutchison and Lyons, salt has 
been mined for some years, and the deposits are known to have a 
thickness of between 200 and 400 feet in an area of at least 7000 
s(|uare miles. The time of the making of these salt beds was early 
Permian (upper Marion), and their greater extension is at least 
100,000 square miles, making the largest salt area of the world. In 



Fig. 348. — Diagram giving a theoretic restoration of the Alps of New England, and 
in section to show the roots of these niountains. Broken line A-A shows depths 
to which later cycles of erosion have attained. After Barrell. 


North Europe, the last of the Permian seas also laid down very thick 
red deposits, and in Germany there are tremendous amounts of 
salt and gypsum. 

Appalachian Revolution. — The marked mountain making of the 
Pennsylvanian was continued into the Permian, and culminated with 
the making of the Appalachians, the Ouachitas, and the Ancestral 
Pocky Mountains. Early in Permian times the whole of the Appa¬ 
lachian and Llanorian regions were again in the throes of mountain 
making, and with these uplifts, constituting the Appalachian Revo¬ 
lution, the epeiric seas of early Permian time all vanished from the 
continent. The northeastern half of the Appalachian Mountains 
was then most decidedly in motion. The extent of deformation was 
also greater than at any other time, since the Appalachians extend 
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from beyond Newfoundland to southern Alabama — a distance of 
over 2000 miles — while other mountains continue for 1200 miles 
south westward across Texas, Chihuahua and Sonora. At the same 
time, all of the domes and axes of the eastern United States were 
accentuated. Finally, North America was completely emergent 
and greater than it is now. 

The crustal instability of Europe during Pennsylvanian and 
Permian times appears to have been as marked as that of North 
America. The Alps of central Europe were reelevated during earlier 
Permian time and toward the close of the period the Urals of Russia 



Fig. 349. — Paleogeography and areas of known glaciation of early Pernnan time. 
Oceans are ruled, epeiric .seas dotted, and places of glaciation lined (vertical lines, 
areas of proved glaciation; horizontal lines, of uncertain glaciation). Note the 
transverse shape and connected condition of the continents of this time. 


were rising. From northern India east to China, mountains had 
also arisen in late Pennsylvanian times. 

The Appalachian Revolution, beginning in Pennsylvanian and 
culminating in Permian time, was one of the most critical periods 
for the organic world in the earth’s history, and may have been 
the greatest of them all with respect to changing environments. 

Gondwana and Tethys. — There is much evidence of a geologic, 
paleontologic and zoblogic character, relating especially to the dis¬ 
tribution of plants and animals since the late Paleozoic, which tends 
to show that Brazil was once widely connected with northwestern 
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Africa across what is now the deep Atlantic Ocean. This lost con¬ 
tinent, known as greater Gondwana, was a vast transverse land 
stretching from the northern half of South America across the At¬ 
lantic to Africa and thence across the Indian Ocean to peninsular 
India (see Fig. 349). It was in existence throughout the Paleozoic. 
One of the chief lines of evidence for it is the occurrence throughout 
the southern hemisphere of the Permian deposits having the Ganga- 
mopteris flora (see p. 566), the seeds of which paleobotanists hold 
could have been so widely distributed only across a continuous land. 

Glacial Climate. — For nearly fifty years geologists have been 
describing unmistakable glacial deposits of Permian age in the con¬ 
tinents of the southern hemisphere, but it is only during the present 
century that their results have been widely accepted. It is now 
known that glacial deposits — glacial clays called tillites — are of 
wide distribution. 

All of Africa and Aladagascar south of 22° and 23°, respectively, 
was covered by ice sheets that at their maximum were between 4000 
and 5000 feet thick. The Transvaal sheet was the most extensive, 
moving at least 700 miles to the southwest. Eight or nine horizons 
of glacial rock debris derived from floating icebergs occur in South 
Australia above the Coal Aleasures, some of them 200 feet thick, 
inter!)edded in 2000 feet of marine strata, and in India the very thick 
glacial deposits (Talchir) preceded the Permian submergence. The 
old polished, striated, and grooved ground over which the glaciers 
moved is known in India, Africa and Australia. In North America, 
tillites seemingly of Permian age are known about Boston, Massa¬ 
chusetts, and striated stones have been reported on Prince Ed¬ 
ward Island; tillites are also known to occur in different places in 
Alaska. For the complete distribution of these glacial deposits, see 
Fig. 349. 

The Permian glacial formations occur mainly on either side of 
the equator from about 20° to 35° north and south latitudes, but 
evidence of this kind is scattering above 35° in north temperate lands. 
The evidence is now unmistakable that toward the close of the 
Lower Permian, most of the lands of the southern hemisphere were 
under the influence of a glacial climate as severe as the polar one 
of recent times, and that, like the latter, the Permian one also had 
warmer interglacial periods, for coal beds occur associated with the 
glacial deposits in Australia, South Africa and Brazil. 

What lirought about this great change in the climate of Permian 
time, and why it was, apparently, mainly restricted to the southern 
hemisphere are as yet unsolved problems. Most geologists look 






















for the explanation in the great derangeinents of the air and oceanic 
currents ])roiight about by the marked crustal unrest during Pennsyl¬ 
vanian and Permian times. 


The glacial climate and the subsecpient long-continued arid coiW 
ditions in the Permian wrought a mighty change in the life, l)oth of 
the lands and oceans. With the increased cold, there came into 
existence in the southern hemisphere a hardier flora, known as the 
Glossopteris or Gaiigarnopteris flora^ because of 
the prominence in it of these two plants (see 
Fig. 350). This flora, with its greater abun¬ 
dance of seed plants, appearing at about the 
same time in Africa, Australia, Tasmania, 
southern India and South America, provided 
.a different, and prol)ably a better, food for 
the reptiles of the land, and accordingly we 
see a marked evolution among, them. These 
land verte])rates, remains of which occur in 
the red l^eds of eastern New Alexico, central 
Oklahoma, and especialh" in northern Texas, 
are discussed further in tlie next chai)ter. 
Their liigher development is held ])y some 
authorities to ])e the most important phase 
of the whole progress of evolution, for ];y the 
close of the Permian we And forms fore¬ 
shadowing the chief groups of the higher verte¬ 
brates of modern times. 

During the Lower Permian a great cliange 
also took place among tlic insects, for they 
became not only smaller l)ut more like modern 
forms (see Idg. 351). Judging from the insects 
of Triassic times, we see that those of the later Permian must have 
introduced com})lete ^^metamorj)hosis (a transformation, as maggot 
to fly, or caterpillar to Imtterfly) and resting stages, as a result of 
the winters and seasons of drought. 

In the seas there was a great dying out of many kinds of corals, 
brachiopods and trilobites, their places being taken b}" the ammonites 
of the cephalopod group, lobsters (first appearing as fossils in the 
Middle Triassic), and modern molluscs and corals. Just as the 
river fishes of Devonian time had peopled the seas, so now the land 


Fig. 350.—Leaf of the Per¬ 
mian net-veined seed¬ 
bearing CiloHsojyteris {G. 
indica). From ('red- 
ner’s Elemente der GeoL- 
ogie. 
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Fig. 351. — A primitive insect (Dmiharia fasciipennis) from the early Permian of 
Kansas, preserving the color pattern. X 2.5. Original at Yale University. 

arc found in the eastern Alps and the lands to the east as far as 
the Ilinialayas. In these warm shallow waters of late Permian times 
the descendants of the Upper Carboniferous corals, brachiopods and 
molluscs still swarmed in varied profusion. When the record of 
the marine Triassic begins, however, it shows that a great change 
has taken place, for now nearly all the Paleozoic forms are gone. 


reptiles began to return to this habitat {Mesosaurus) ^ and this early 
adaptation is a prophecy of the many kinds of marine reptiles that 
were to flourish in Mesozoic time. 

The last stand of the known Paleozoic marine life was in extej^ive 
Tethys, the greater Mediterranean, whose rock and organic records 
























CHAPTER XXXII 


THE COMING OF LAND LIFE 

All animal life is, in the last analysis, dependent upon plants for 
its existence, and without land plants it would have been impossible 
for the fishes of the rivers to spread their descendants over the lands 
as the higher vertebrates. Hence, before we can study this very 
significant evolution, we must see how the lands came to be covered 
with vegetation. 

The Rise of Land Plants 

Plants of some kinds now live in all lands up to the highest alti¬ 
tudes and even in the driest of deserts. This, however, has not 
always been so, since we have seen that no land plants arc known 
in the Cambrian and older strata. Land floras, or jolant assemblages, 
first appear with the Devonian, and in tlie Pennsylvanian there is 
revealed to us a most wonderful primitive vegetation, making it 
possible not only for snails, but as well for some water-living arthro¬ 
pods, to adapt themselves to the dry land and become changed into 
insects, thousand-legs and spiders. This migration of animals from 
their original water homes to terrestrial ones began with the scor¬ 
pions, as we have seen, at least as early as the Silurian, followed 
shortly afterward in the Devonian by the amphibians. 

The known land i)lants of Silurian time are as yet exceedingly 
few and the specimens rather indistinct. With the Lower D(^vonian 
we get the first well known forms {Rhynia and llornea), veiy primi¬ 
tive t3^pes, but little more advanced structural!}" than the seaweeds. 
In the Aliddle Devonian, plants are present in enough abundance and 
variety for us to speak of floras, and from that time on they advance 
steadil}" in numbers and diversification. Our concern in this chapter, 
however, is chief!}" with the floras of the Pennsylvanian, partly 
because of their significance in the making of the Coal Measures, 
but more particularly because of their part in making possible the 
evolution of the higher vertebrates. 

Pennsylvanian Floras. — The coal floras, from which upward of 
three thousand species have been described, are conspicuous for their 
almost world-wide distribution and their luxuriance and abundance. 
Their most striking representatives in number and size were the 
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scale trees, a sort of everp;reen unlike anything living. Another 
remarkable group were the gigantic calamites, living segregated like 
the modern cane brakes and bamboo thickets. The floras also 
included many fern-like forms, both delicate and hardy, some of 
which were climbing in habit, while others grew into majestic tree- 
ferns (Fig. 34(3). 

Shades of green were the dominant color, and the monotone of 
the verdure was nowhere enlivened by bright flowers. Flowers 
were jn’esent, however, but of a low order, insignificant in size and 
doubtless unattractive. Probably more than one-half of the flora 
was spore-bearing (see below) and we may safely regard most of the 
more common plants of the Coal Pleasures as seedless. Fertilization 
was not yet accomplished through the aid of honey- and pollen¬ 
eating insects as is so general among the living flowering plants of 
the present, but was brought about by the rains and winds. Among 
these floras the following groups were the most conspicuous. 

Spore-bearing Flowerless Plants. — The more primitive type of 
plants differed from the later ones in reproducing ]\y spores instead 
of seeds. Spores differ from seeds in that while l:)oth give rise to 
sexed jdants, in the case of the latter these sexed plants again produce 
seeds directly, while the sexed plants of the former are short-lived 
and give rise fo sexless, long-lived plants that in turn bear the spores. 
In other words, the spore i)lants are said to have an alternation of 
generations,^’ while the seed ]dants have direct development. 

Among the spore-bearing plants, ]:)rimitive ferns are not common 
as fossils until the Pennsylvanian, when many species of the smaller 
herbaceous kinds occur, associated with the tree-ferns, some of which 
attained a height of 50 feet. It was these ferns that gave rise to the 
later seed-bearing kinds. 

Among living jdants there is a small group of forms having a very 
wide distribution and ]M:)j)ularly known as rushes. As a rule they 
are small plants, less than hS inches tall. The Pennsylvanian floras 
had a great variety of ancient rushes, the largest of which arc called 
calamites (see Fig. 346). They were prolific j^lants and sometimes 
attained a diameter of 12 inches and a length of more fhan 30 feet. 
In them the wood cylinder was far thicker than in living rushes. 

Still a third group arc the lycopods, very widely distri])uted, 
primitive, herb-like, evergreen plants known as ground pines and 
club movsscs. In the Paleozoic, similar forms were the dominant 
plants, but rea(‘hcd gigantic proportions; they are known as scale 
and seal trees because of their scale-like a]:)]:)earance, due fo the leaf- 
bases on the trunks and branches (see Figs. 341, 346). 
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Seed-bearing Plants. — Restricted to the Paleozoic are many 
plants having all the apiDearance of being true ferns, but bearing 
seeds instead of spores (see Fig. 34G). These are the pteridosperms. 
Their development of flower into seed was a great forward step in the 
evolution of the plant world, and be(;ame the dominant feature of 
later floras. 

Other Paleozoic seed plants were the cordaites, trees not unlike 
modern pines or conifers. They did not live in swamps, as did tlie 
previously mentioned groups, but on the higher ground. Out of 
the cordaites came the modern pines. 

The Rise of Land Vertebrates 

Fishes. — The fishes probably arose in fish-like ancestors, possibly 
the gilled lancelets sometimes spoken of as the prophecy of a fish.’^ 
These in turn may have originated in some of the marine annelids. 
The lancelets of the ancient seas are thought to have s})read into 
the rivers after they had become peoi)led with wat(a*-living plants, 
and, feeding upon these, to have gradually developed into tiny 
sharks, the acanthodians. Hut the I’ivers are (‘ontinuous habitats 
only in wet climates, and in seniiarid regions they often dry away, 
and so destroy all of their life. In such evanescent waters the acan¬ 
thodians are believed to have learned how to tide over the dry 
seasons by hibernating in wet sands and guli)ing in air. We will 
return to this subject later in the chapter. 

Fishes are back-boned animals, the first markedly successful class 
of vertebrates. They are as well adapted to the water as the birds 
are to the air. Their body temperature is about that of the wat('r 
in which they live, wherefore they are said to be cold-blooded, and 
they have gills on each side of the head for oxygenating the blood. 
Their piincipal organ of locomotion is the powerful tail fin. This 
is assisted by paired fins, of which the forward pair are known as the 
pectoral fins and the rear ones as the pelvic fins. It is out of these 
fins, or limbs, that the fore and hind legs of the higher vertel)rates 
arise. An air-bladder is generally present; this may serve as afloat, 
but in certain forms has been modified into a cellular sac whi(*h acts 
as a lung and assists the gills in respiration. xVs will be shown latcn-, 
it is this cellular sac that has the possibility of modification into 
lungs in the amphibians. 

The oldest known '' vertebrates are the small winged fishes ” 
(ostracoderms) (see PI. 13, Figs. I, 2), beginning in the Champlainian 
and vanishing with the Devonian. What their relationship was to 
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the true fishes is unknown. Externally they were bony-skinned, and 
they were devoid of paired fins, since the anterior wings are not 
believed to be the homologues of the anterior pair of fins in true 
fishes. 

Unmistakable fishes are the gristle fishes or sharks (elasmobranchs), 
and of these the oldest and most primitive are the small spinous 
forms (acanthodians) appearing in the Silurian and vanishing with 
the Permian (PI. 13, Fig. 3). Out of them probably arose the ganoids 
of Devonian time, fishes whose scales were thick and bony and covered 
with ])right enamel. This stock, remaining continuously in the 
water, gave rise to the dominant bony fishes of to-day. Out of its 
more primitive l)ranch, however, the air-breathing Crossopterygii, 
came the primitive transition animals developing into amphibians 
tlirough changing the air bladder into lungs and the paired fins into 
limbs (see below). All of this took place before the Upper Devonian, 
since in this epoch there is evidence that primitive amphi])ians were 
already i^resent (Thinopus, see Ffig. 340). 

Evolution of Lungs. — In order to be able to live out of water, 
and so survive j^eriods of drought, it became necessary for the fishes 
to develo]:) a means of breathing air, since their normal l)reathing 
orgjuis, the gills, are adapted for extracting oxygen from the water but 
not for taking it directly from the atmosphere. This they did by a 
modification of the air ])ladder from a hydrostatic organ into a lung. 
The great range of modification of the air Idadder shows it to be of 
extremely ancient origin, and its incipient condition is possi])ly 
shown by a pair of poucli-like out-growths of the pharynx, or throat 
cavity, in the sharks. Stagnation of the water and a loss of the free 
oxygen would bring the fishes to the surface to gulp down air, and 
such pouches, if supplied with blood-vessels, would serve in a very 
rudimentary way to aid in aerating the blood. A premium placed 
])y the environment upon such structures would, it is thought, 
stimulate their development to the condition seen in the modern 
lung-fishes. 

Animals living in permanent bodies of water have no need to 
breiithe the air, and it is, therefore, held that the stimulus for such 
an alteration could have arisen only where the water periodically 
failed the animals. Just as we have arid regions to-day, so similar 
land climates existed during all of geologic time. Under such 
climates, bodies of water come and go according to the season of 
rain and drought, and hence various methods are resorted to by the 
animals to maintain their kind or themselves over the period of 
drought. During the arid season the struggle for existence is severe, 
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not only because of the abnormal crowding of the individuals into 
constantly diminishing spaces and the reduction m the amount 
of available food, ])ut even more so because of the increasingly saline 
and bitter character of the water. It is thought that under the 
stimulus of these changes, gill-breathing fishes first adapted them¬ 
selves to burrowing in the sand. Thus protected in water and mud 
holes, there was for a time moisture to pass over the gills, but'under 
such environments life was very precarious and in the struggle most 
of the individuals were destroyed. After innumerable failures in 
their efforts to gulp the air into the phaiynx, efforts lasting through 
long geologic time, the ganoids and lung-fishes were gradually de¬ 
veloped and perfected, their first appearance being in earliest De¬ 
vonian time. 

Amphibians. — As we have seen, the first air-])reathing vertebrates 
came out on the dry land as early as the early Devonian. They 
were, however, still more or less addicted to water habitats, and their 
hving representatives have never learned to lead an acdive life on 
the dry land. Despite their newly acxpiired ability to breathe air 
and even to hobble about on land in search of new water holes, it 
was only in the waters that they could lay their eggs and successfully 
rear their young. This dual mode of living led to the evolution of 
the next highest group, the Amphibia, as we may see reflected in the 
development of living frogs, whose eggs develop into little, fish-like, 
gill-lneathing polliwogs that gradually change into lung-breathing, 
four-legged adults (see Fig. 352). 

Frogs, newts, sirens, mud-puppies and land salamanders are types 
of living amphibians (PL 18). They are all cold-blooded, like the 
fislies. The class name Amphil)ia means living a double life, and 
has reference to their habit of living both on the land and in the fresh 
waters. Some of them, liowever, live entirely in the water, and, as 
a rule, all amphibians in their younger stages are wholly restricted 
to this element. 

All Amphi])ia in their youth are provided with two or three pairs 
of external gills or internal ones with external gill-(*lefts, soft feathery 
outgrowths situated at the back part of the head and rich in blood¬ 
vessels (see PI. 18, Fig. 2). Such gills are also present in the lung- 
fislies, and in the sirens and mud-puppies they may persist tliroughout 
life, though this condition is rather exceptional. In the salamanders 
of the land, and in all of the tailless Amphibia (frogs, etc.), the gills 
disappear and adult respiration is carried on wholly by lungs, as in 
the higher vertebrates. 

The first vertebrates having legs with toes appeared in the De- 
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vonian. They are known as Stegocephalia (see PI. 18, Fig. 4, 
and Text Fig. 346), a name which has reference to their covered 
or armored head; this head covering was inherited from their fish 
forebears, and it at once distinguishes the Paleozoic and Triassic 
amphibians from all living ones. It was in turn transmitted to the 
most primitive reptiles, the Cotylosauria (see p. 575). 

In all well preserved Stegocephalia, the skulls were pierced not 
only by the large lateral orbits in which the paired eyes were situated, 
and by the pair of anterior nasal openings, but also by a single small 
orifice through the bone over the brain. This aperture is of great 
interest, for in it was situated a third eye known as the pineal eye. 



Fig. 352. — Devolopnient of the frog {Rana tcmporaria). A, eggs, greatly enlarged; 
B, tadpole or iK)lliwog, with two pains of gills; (\ tadpole with first indication of 
hind legs; J), older tadpole; E, tadpole with both pairs of legs free; F, G, stages 
ill which the tail is re.sorlied. Redrawn from Leuckart’s wall charts. 


Such an opening is also found in many fossil and some living reptiles 
(Sphenodon), and the organ it contains is a vestigial one whose 
ancestry can be traced back at least to Pennsylvanian time. The 
rudiments of this eye are present in the brain of all living vertebrates, 
including man. 

The amphibian fauna of the coal swamps of the Pennsylvanian was 
a highly varied group of land animals, ranging in size from less than 
2 inches in length to as large as an adult Florida alligator. Most of 
them, however, were small creatures related to the living salamanders, 
but, ])eing more primitive, are known as branchiosaurs and micro- 
saurs (Fig. 346). They were rather sluggish animals, living about 
or in the water. 
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Plate 18. — Living (1, 2) and Permian amphibians (4, 5), and Permian 
reptiles (G-9). 

Fig. 1, mud-puppy, Necturus maculaluH; 2, salamander, Siren lacertina; .3, tadpole¬ 
like stegocephalian, Branchiosaurus; 4, stegocephalian, Trcmatops inilleri; 5, Cacops 
aspidephorus; 6, Casea hroilii; 7, Limnoscelis jjaludU; 8, Opkiacodon mirus; 9, Dia- 
sparactus zenos. 
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Reptiles. — In all of the vertebrates so far studiecl — fishes and 
ani])hibians — we have seen that the habitat is either wholly in the 
water, or that at the very least the small eggs are there laid and 
fertilized, and that the young are also born and spend the days of 
their youth in this element. All of the higher vertebrates remove 
themselves more and more from this habitat, and none are developed 
in it directly from the egg. In other words, the reptiles, as a rule, 
are oviparous, laying large eggs like those of birds and provided with 
a more or less great (plantity of food (yolk), and these eggs are fer¬ 
tilized l)efore they are laid upon the land, where they hatch under 
the warmth of the sun. This is the most important and fundamental 
difference between the lower vertebrates, the fishes and amphibians, 
on the one hand, and the higher vertebrates, the reptiles, birds and 
mammals, on the other. 

All of the living animals known as turtles and tortoises, lizards 
and snakes, alligators and crocodiles, belong to the class Ileptilia. 
The word reptile means creeping or crawling^ and has reference 
to an animal that goes on its belly like the snake, or moves with 
difficulty on short sprawling legs, like the alligator. There are, 
however, many reptiles that are in no sense creeping and crawling 
animals, as, for instance, many of the fleet-footed lizards, certain of 
the medieval dinosaurs with their pillar-like legs, and the winged 
pteroda(ffyls. 

All living re])tiles are cold-blooded animals like the two lower 
classes of vertebrates, and their skin is never soft l)ut always more 
or less hardened by horny or bony material that occurs more often 
as scales than as armor plate. Each animal has a pair of lungs, but 
in the elongated snakes the left lung is rudimentary and almost 
lost. 

In the snakes and in some lizards, legs are either wholly absent 
or mere vestiges buried in the flesh. 

Most of the Pennsylvanian and early Permian reptiles were 
plump, sluggish, more or less sprawling animals, l)asking often on 
the land in the hot sun. In many ways they still resembled the 
stegoceidialians, their associates, but had a marked tendency toward 
a reduction in the size of the skull and toward loss of body armor. 
In all the forms the feet terminated in five fingers or toes, and few 
appear to have been swift of foot. 

The most primitive reptiles are the Cotylosauria (PI. 18, Fig. 7). 
This order, as seen in Lwmoscelis, may well have been the central 
stock out of which evolved directly or indirectly the lizards, alli¬ 
gators and dinosaurs. 























576 


OirrLlNES OF HLSTOIUCAL GEOLOGY 


In the Permian and Triassic of Africa and North America are 
found reptiles of the order Theriodontia (meaning wild beast), so 
named because the teeth are of the carnivorous type. Tliey were 
active and lizard-like, ranging in size from small forms to those as 



Fig. 353. — A tlicriodoiit reptile skull, about 4 inches long, from the Triassic of South 
Africa, showing primitive mammalian type of teeth. After Hrooin. 

large as a tiger. They are of great interest because the African forms 
are regarded as having given rise to the lowest or egg-laying mammals, 
while in the American forms originated the higher reiAiles. Their 
teeth were differentiated and localized, as in mammals, into incisors, 
canines and molars (see Fig. 353). 


























CHAPTER XXXIII 


TllK BEGINNING OF MESOZOIC TIME: THE TRIASSIC PERIOD 

^ro the founders of Geology the Mesozoic rocks were known as 
the Secondary formations, situated above their Primary (Paleo¬ 
zoic and older eras) and beneath their Tertiary (Cenozoic). To 
them, the Mesozoic was, therefore, the middle or medieval time of 
the earth’s history, and they selected a name meaning medieval 
life to express that idea. It is now well known that the Mesozoic 
formations are far from holding the middle time of geologic history, 
but the life known to geologists is medieval in character and it is 
in this sense that the term is used. 

The Mesozoic era, though of very long duration, was only one 
half as long as the Paleozoic, or even less, but it was twice as long 
as the Cenozoic. It is divided into three periods; the Triassic, so- 
called from its threefold development in Germany and the Alps; 
the Jurassic, named from the Jura Mountains; and the Chalk or 
Cretaceous. 

The Mesozoic has long been called the Age of Reptiles,” because 
its dominant animals belonged to that class; they filled all the roles 
now taken by birds and mammals, they covered the land with 
gigantic herbivorous and carnivorous forms, they swarmed in the 
sea, and, as literal dragons, they dominated the air ” (Scott). The 
mentality of the Mesozoic Reptilia was always of a low order, but 
out of them in the Triassic arose the small reptilian and egg-laying 
mammals, and from another stock came the reptilian birds. 

Among the marine invertebrates, none were more significant of 
Mesozoic time than the cephalopod group known as the ammonites, 
to be further described in the Jurassic chapter. The forms living 
in the Permian gave rise to a wonderful evolution in the Triassic, 
but were almost exterminated at the close of this period; another 
rapid evolution took place in the Jurassic, with the Lower Cretaceous 
they began to show decline, and before the close of the Mesozoic 
they had disappeared. 

The floras had also undergone great changes, since all of the more 
significant spore-bearing plants of the Paleozoic were practically 
gone. The older seed-bearing plants had given rise to a medieval 
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flora composed of conifers, maidenhair trees (gingkos) and cycads 
in greatest variety. With the Lower Cretaceous there rose into 
ascendency the modern flowering plants, and with them the modern 
insects (beetles, flies, butterflies, bees, wasps). 

The Triassic Period 

Probably the most striking thing about the North American 
Triassic, and the Jurassic as well, was the emergent condition of 
the continent. The only flooding by the oceans was along the 
western part of North Ameri(‘a by the Pacific, and in Mexico l)y tlie 
Gulf. Because of this emergent condition, desert climates pre¬ 
vailed, and the geologic record, therefore, consists largely of coarse, 
red, fresh-water deposits, with scattering fossil plants and bones of 
reptiles. Along the Pacific side of the continent, however, there are 
wide-spread marine formations with coral-reef limestones. In these 
marine deposits, which are usually very thick, there are vast amounts 
of volcanic ash and lavas, attesting to an abundance of volcanoes 
from California far into Alaska. Lavas also flowed widely in the 
fault-troughs of eastern North America from Nova Scotia to Virginia. 

The Triassic of North America is thus displayed under four differ¬ 
ent regional sedimentary and faunal phases: (1) Atlantic ])order 
intermontane continental, (2) western Cordilleran desert and fresh¬ 
water, (3) Mexico marine, and (4) Pacific coast marine, which we 
shall study in the order named. 

Atlantic Border. — The term Newark, taken from the city of that 
name in northern New Jersey, has been given to the red sandstones 
found upon the Piedmont Plateau. Beginning with aljout Aliddle 
Triassic time, the several regions of Newark sedimentation — Nova 
Scotia, Connecticut, and New Jersey to North Carolina — l:)egan to 
fault along one side, and certain narrow ljut long areas began to 
subside as troughs, while the adjacent spaces stood firm as unmoved 
blocks, or actually rose. In this way the median arch and the lateral 
highlands were reelevated from time to time, and their eroded 
material was moved by the rains and wind into the subsiding valleys. 
Such major fault lines occur along the eastern side of the Connecticut 
valley (here the final displacement was about 2 miles), and others 
are known in the western parts of the Triassic areas of Maryland, 
New Jersey and Penns^dvania, and in Nova Scotia as well. In this 
way the constantly rejuvenated highlands were subjected to ({uick 
erosion, and into the sinking valleys on the sides of the highlands the 
aggrading waters brought down vast amounts of sediment, the 
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present Triassic formations. In the Connecticut valley there are 
from 10,000 to 13,000 feet of continental deposits (Fig. 354), in New 
Jersey and in southeastern Pennsylvania the maximum thickness is 
said to be over 20,000 feet. Southward these deposits thin rapidly, 
and to the west of Richmond, Virginia, they are about 2500 feet 
thick, with 3000 feet in 
North Carolina. 

From northern Virginia to 
Nova Scotia the Newark 
sandstones and mudstones 
are i)revailingly red in color 
and consist almost through¬ 
out of conglomerates, sand¬ 
stones and shales. All of 
the material is poorly washed 
or assorted, and in most 
places is a heterogeneous 
mass of detritals, with the 
greater part of the conglom¬ 
erates and coarser sandstones 
situated near the fault scarps 
whence they came. The 
sediments are much cross- 
bedded, abundantly sun- 
cracked, rain-pitted (Fig. 

358), and rippled, with the 
feldspars undecomposed; 
they are the erosion mate¬ 
rial of a high land of crys¬ 
talline rocks, deposited in a 
semiarid desert with hot 
summers and possibly cold 
winters. The bulk of the 
material is from igneous and metamorphic formations of eastern 
Appalachis. 

In the Upper Triassic areas of Virginia and North Carolina there 
is much black slate with decidedly local bituminous or humic coals, 
and rarely a zone of black-band iron-ore. The coal beds vary in 
thickness from a few feet to 13 and even 26 feet. Plants are common 
here. These dark deposits with coal swamps show that the climate 
was not always and everywhere semiarid, but that locally there were 
humid climates, with swamps. 



'ig. 354. — Triassic continental deposits (ruled 
areas) and igneous rocks (solid black) of the 
Connecticut valley. U. S. Geol. Surv. 
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Nowhere have the Newark strata yielded a single marine fossil, 
all of the recovered organisms being those of the land (plants and 
vertebrates) and of fresh waters (fishes, bivalves). Actual remains 
of plants and animals are always rare in red desert deposits, and 
the common organic evidence, therefore, consists here of footprints 
made chiefly by dinosaurs (see Fig. 358). 

In all of the Newark areas from Nova Scotia to North Carolina 
are found igneous rocks that in the lower strata occur as intruded 
sheets and dikes of trap (diabase), and higher up are extruded slieets 
of basaltic lavas in thicknesses up to 900 feet (Fdg. 354). Tliese 
are seen to best advantage along the Hudson River of New Jersey, 
where they make the well known Palisades, whose vertical walls of 
columnar rock exhibit the edge of a great intruded sheet of diabase. 
The molten material welled up repeatedly toward the close of Newark 
time through fissures situated in the deepest parts of the sul)siding 
areas and near the great faults. 

Palisade Disturbance. — At the close of the deposition of the 
Newark series, crustal deformation again set in, apparently on a 
considerable scale, from Nova Scotia to South Carolina, and this 
makes a natural boundary l)etween the Triassic and Jurassic. Every¬ 
where this new area of deformation lay east of the Appalachian 
foldings, whose trends the Palisade Mountains nevertheless closely 
followed. The former mountains had l)een folded and overthrust 
to the west, Imt now the surface was elevated and torn apart, result¬ 
ing in numberless fractures and faults (tensional) of varying magni¬ 
tude, and moving the strata in each basin into a series of monoclinal 
blocks, that is, all tilted in the same direction. As a result there 
were formed chains of block mountains, the Palisade mountains 
of Dana; this deformation has been called the Palisade Disturbance. 

Cordilleran Region. — A second area of Triassic fresh-water 
deposits lies in the Cordilleran region. Throughout the Rocky 
Mountains south of the Canadian border, l)ut more especially from 
Wyoming into western Texas, and in northern New Mexico and 
Arizona, occurs a series of red or variegated sandy shales and cross- 
bedded sandstones, with zones of gypsum sometimes 40 feet thick, 
that lie over the eroded surfaces of the older formations, and com¬ 
monly on similar red beds of Permian or Pennsylvanian age. Over 
a large part of the area the basal conglomerate (Shinarump), is the 
preserved floor of a desert. These Triassic formations belong to 
the later portion of the period. 

The fossils of these Upper Triassic red beds are scanty indeed, 
although in many places occur bones of amphibia (Stegocephalia), 
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but mainly of reptiles of the ancient crocodile type (Mystriosiichus, 
Fig. 355). Frequently is found drifted wood that is now agatized; 
in the Petrified Forest of Arizona, near Flagstaff, this is exceedingly 
common. 

Mexico. — In central Mexico there is marine Triassic with fossils 
that show linkage with the Mediterranean. We will have more to 
say of this seaway in later chapters. 

Pacific Border. — Coming now to the greatest development of 
marine Triassic in this country, it is evident that beginning in the 
late Paleozoic there developed out of the western portion of the 



Fig. 355. — Restoration of the Upper Triassic crocodile-like reptile Mystriosuchus. 
The plants are rushes and cycads (upper left-hand corner). After Williston, 
from his Water RejMles. 


Cordilleric geosyncline a northwest and south-southeast trending 
trough, the Pacific geosyncline, which opened out into the Pacific 
across northern California and southern Oregon, and again in south¬ 
eastern Alaska. The southern portion of this trough was the Cali- 
fornic sea, which persisted all through the Mesozoic. To the west 
of the trough there lay a foreland, nearly all of which has since gone 
into the depths of the Pacific, leaving the Coast Range as its only 
remnant (see PI. 19). 

The sequence of Triassic formations and faunas of the Californic 
sea is unusually complete, and compares favorably with that of most 
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Epoiric seas dotted; oceans ruled. Desert and semiarid deposits either cross-ruled 
or solid black (alon« Atlantic piedmont). \’oleanic regions indicated by crosses. 

Note the absence of the Appalachic geosynclinc, and that the marine areas are m 
the Cordilleric and Mexican regions. 
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other regions of marine sedimentation; the deposits are usually 
calcareous and fairly thick (about 4000 feet). The normal marine 
waters in early Triassic time spread across California^ Nevada and 
Oregon into Idaho and Utah, and possibly even into central Wyo¬ 
ming, but before Middle Triassic time this sea withdrew more and 
more to the westward. 

In the Middle Triassic there also appeared a wide and long trough 
throughout British Columlna, which in Upper Triassic time extended 
far to the north into Alaska and south into Washington and Montana. 
This was the British Columbic sea of the Pacific geosyncline, persist¬ 
ing into late Cretaceous time. 

Along the Pacific border of British Columbia, from Vancouver 
north to Alaska, the Upper Triassic alone is present, and it increases 
to very great thicknesses (13,000 feet). The significant feature here 
is that nine-tenths of the rocks arc lavas and ashes, largely the 
material of su])marinc eruptions (see PI. 19). 

These western interbedded marine and volcanic deposits un- 
doulfiedly extended eastward to the Rocky Mountains, where Upper 
Triassic strata and faunas occur all the way from Alaska south 
into Washington. In the coastal mountains of British Columbia, 
they have been eroded away from above the granitic bathyliths that 
rose into high mountains l^eneath them toward the close of Jurassic 
time. 


Life of the Triassic 

The Triassic seas swarmed with ammonites in great variety, and 
some of the species spread widely throughout the world (PI. 20). 
They were not only the most beautiful and characteristic animals 
of the Alesozoic seas, ])ut also the highest expression of invertebrate 
evolution in agility and in predaceous and scavenging ability. 

In the Upper Triassic appeared the modern reef-building corals 
(Ilexacoralla), which built limestones in Tethys up to 4000 feet 
thick, while reefs are known elsewhere with many identical species, 
as in the Himalayas and in the eastern Pacific from California to 
Alaska. The modern echinids and lobsters also began to stand out 
at this time, but were not markedly conspicuous until later. Tethys 
and the Pacific were the main centers of marine invertebrate evolu¬ 
tion. 

Some of the early fresh-water vertebrates, as we have seen in 
previous cha}:)ters, were forced by stress climates to adapt themselves 
to the land, and attained this habitat only after a very long struggle. 
Now that the reptiles were firmly estal)lished on the land, however, 

























Plate 20. — Triassic bivalves (1, 2), belemnite (3), and ammonites (4-16). 

Fig. 1, Pseudomonotis suhcircularis; 2, Daomila duhia; 3, Atractites hurckhardti; 
4 and 5, Anolcites meeki; 0 and 7, TropitCH suhhullatuti; 8-10, Joannites nrvadanus; 
11 and 12, Meekoceraa gracilitatis; 13 and 14, Gi/mnotoceras russclli; 15, Tropifjasfrites 
rothpletzi; 16, Sageceras gabbi. After J. P. Smith, from the U. S. Geological Survey. 
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we see some stocks of them going back again to the water, not only 
intermittently to the rivers and lakes, but permanently into the seas 
mid oceans, where there is always a more abundant animal food 
supply than is usually the case on the land. Dolphin-like reptiles, 
the ichthyosaurs, were abundant in the later Triassic, and long¬ 
necked, turtle-like reptiles, the plesiosaurs, also had their start at 
this time. More will be said of these groups in a later chapter. 
Here again we see the wonderful extent to which organisms can 
adapt themselves, for limbs have been changed from walking legs to 
swimming paddles, and the egg- 
laying method of rearing the young 
has been altered to that in which 
the young are born alive (vivipa¬ 
rous development). 

The known Triassic floras are 
small, with the best representation 
in Virginia. Practically all the 
known plants are of Upper Triassic 
time. Of the Paleozoic genera, 
nearly all had disappeared, and we 
have in their stead rushes (see Fig. 

355), many of them large, ferns 
(see Fig. 356), including tree-ferns, 
and cycads and conifers, in many 
genera whose representatives now 
live in tropical and subtropical 
regions. The evergreen trees were 
dominant in the forests and were 
as tall as the conifer woods of to¬ 
day. 

In the modern warm - climate 
floras, the living cycads (Figs. 318, 

355, 357) arc the remainders of a once more diversified group. So 
dominant were they in the floras of the earlier half of the Mesozoic 
era that this time is also called the Age of Cycads. 

The Triassic vertebrates of the land were very varied and of great 
interest, cxhi])iting much structural and adaptive progression over 
their late Paleozoic ancestors. Among the amphibia, the stego- 
cephalians attained their culmination in number, variety and size. 
Progress was, however, especially marked among the Reptilia as 
a class, and specifically among the active dinosaurs. These strange 
reptiles, to be described in the next chapter, were the lords of the 




Fig. 356. — Giant broad-leaved Trias¬ 
sic fern, MacroUvniopleriti magnv- 
folia. U. S Geol. Surv. 

























Fig. 357. — Living cycads in the New York Botanical (iankai in 1908. Plants of 
this kind were coinnion in Triassic and .furassic times. 


OUTLINES OF HISTORICAL GEOLOGY 


Fig. 358. — Slab of Triassic sandstone, 0 by 3.5 feet, pitted by niin. A large dinosaur 
(Steropoidcs diversus) walked over the muddy ground l)efore the shower, and a 
much smaller one (Aruoidcs minimus) afterward. Peabody Museum, Yale 
University. 
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land, and they were present in great variety and in great size; in 
fact, some, known by their footprints alone, must have been larger 
than elephants (Fig. 358). By the Upper Triassic they had become 
ada})ted to all the land habitats. 



Fig. 359. — Lower jaws of reptilian mammals from the Triassic of Virginia. 
A, Dromatherium, X 2; B, Microconodon, x 3. After H. F. Osborn. 


From the evolutionary viewpoint, the most interesting Triassic 
remains are the lowTr jaws of diminutive reptilian mammals, found 
in Virginia and Europe (Fig. 359). Mammals are the most highly 
organized animals, ])ut these, their earliest known representatives, 
were very small, and, like their reptilian forebears, low in mentality, 
giving little promise of being the future conciuerors of the world. 
























CHAPTER XXXIV 


LAND REPTILES AND TOOTHl® BIRDS OF MEDIEVAL TIME 

Dinosaurs 

Bird-like tracks on the red sandstones of Upper Triassic age have 
long been known in the quarries of the Connecticut valley (see l^'ig. 
358). Some of these tracks are but an inch long, and others al)out 2 
feet. ]\Iany of them are so like those made by three-toed l)irds that 
the geologists of the first half of the past century regarded them as 
made by birds. Now, however, they are known to have been made 
by reptiles, and chiefly l)y dinosaurs, which ran on their hind legs 
as do the birds. The last of the dinosaurs died out with the Creta¬ 
ceous. 

The Mesozoic lands were so dominantly under the control of these 
terrible reptiles or dinosaurs, so named by Sir Richard Owen, 



Fig. 360. — Restorations of the largest known carnivorous “king-tyrant” dinosaur, 
TyrannosauruH rex, and of lioriied lierhivorous dinosaurs {Triceratops), from the 
late Oetaceous of V'yoining. After H. F. Osborn and (h Oilniore. 

that the era is usually referred to as the Age of Reptiles. The 
dinosaurs were the most extraordinary animals the woi*ld has ever 
seen, as diversified in form and size as are the living mammals. 
Probably all were egg-layers. Among them were huge Ix^asts of 
prey with l)ird-like feet and eagle-like claws, running on their hind 
legs after the fashion of ostriches (Iflg. 3()()); associated with these 
were other bipedal dinosaurs, but of sluggish habits and with duck¬ 
billed muzzles, feeding on the vegetation of the swamps and water 
places; hugest of all were the sauropods (see Fig. 361), vegetarians 
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walking on all fours, with more or less pillar-like legs, long snake-like 
necks, long tails, and a brain weighing less than a pound to govern 
a body with a weight of about 40 tons and a length of 60 to 80 feet. 

Most curious of all, however, were the armored types, covered 
with plates and spines; these were also plant-feeders and quadrupedal 
in gait (Fig. 363). Finally, toward the close of the medieval era 
there appeared a very diversified horde of large rhino-like forms 
known as the ceratopsians (Fig. 360). It is these many kinds of 
strange medieval brutes that we are to study in this chapter. 

The Carnivorous Theropoda. — The primitive light-bodied, long¬ 
necked, and long-tailed type of dinosaur, of carnivorous diet, occurs 
for the first time in the Upper Triassic sandstones of the Connecticut 
valley. This animal is known as Ayichisaurus (^^ near-lizard 
Out of this type developed the later flesh-eating forms, all of which 
were also ])ipedal in locomotion, with their greatest variety in Jurassic 
time. Their fore limbs were often absurdly small in proportion to 
those ])ehind and were used for catching, holding and tearing the 
prey. The hind limbs were long and powerful, the larger ])ones 
hollow as in other active beasts of prey, and the feet were bird-like. 
The claws were long, curved and sharp like those of eagles, hence the 
name Theropoda, which means beast-footed. The teeth were sharp, 
slightly curved and dagger-like, often with serrate cutting edges to 
add to their terribleness. No fiercer biting head was ever evolved 
than that of the king-t 3 Tant saurian. Tyrannosaurus rex (Fig. 360), 
of the latest Ch-etaceous of Montana and Wyoming — in respect to 
speed, ferocity and bodily size, the most destructive life engine ever 
evolved.^’ In size the Theropoda ranged from several feet long, 
measured along the back, to 47 feet in Tyrannosaurus , with a height 
in the latter of 18 to 20 feet, and a weight exceeding that of the 
elephant. The skin in the Theropoda was probably naked, at least 
it was not defensive^ armored, though in some cases there may have 
been scales as in snakes. 

The Giant Sauropoda. — The sauropods (^^ reptile-footed ’0 were 
ponderous animals and heav}" of foot. The^^ attained a world-wide 
distribution, l)eing best known in the late Jurassic of North America 
and East Africa, and in late Cretaceous beds in the United States 
and western Argentina. The greatest of these was Gigantosaurus 
of East Africa, the largest land animal known, with a length of 
some 80 feet, 36 feet of which was neck, and a live weight of some¬ 
thing like 40 tons. In this form alone the fore limbs were longer 
than the rear ones. The American Brontosaurus thunder saurian,’^ 
Fig. 361) was about 65 feet in length, but heavier in construction, 
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weighing some 37 tons. It also had a long tapering neck and tail. 
The brontosaurs are thought to have lived for the most part in swamps 
of river valleys (Rocky Mountains) and in fresh-water marshes along 
the sea-shore (Africa), detaching the swamp plants with the claws 
and swallowing them without mastication. 

Diplodocus (so named from the vertel)rse, which are dou])le- 
beamed) was lighter in build though long and slender, witli 10 of its 
80 feet of length taken up ])y a whiidash-like tail of unknown use. 



Fig. 361. — Restoration of the gigantic late Jurassic sauropod dinosaur, Brontosaurus^ 
of Wyoming. Weight of animal, alx)ut 38 tons. After H. F. Osborn. 


The ponderous size must have given it a (*ertain immunity from at¬ 
tack, while its chosen haunts kept it out of competition witli fie'rcer 
kin. 

The Bipedal Herbivorous Ornithopoda (see Fig. 302). — Tlie 
Ornithopoda (^^ bird-footed ’’) had no front teeth, ])ut the muzzk's 
terminated in a horny sheath, making a beak as in ducks or turtles. 
These forms lived for the most part in water, where they (Top])ed tlie 
plants with the sharp edges of their toothless beaks. In th(' ])ack 
part of the jaws were wonderful magazines of teeth, long in secpience, 
and superimposed several dee}), with which they groTind the food 
plants before swallowing them. When these teeth were conpiletely 
worn away through grinding at the top, new ones came up from be¬ 
neath to take their places. 
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The hind legs of the bipedal herbivorous dinosaurs were large and 
powerful, and on land were the essential means of locomotion. Their 



Fig. 302. — Restorations of “duek-])ill” dinosaurs of the late Cretaceous of All)erta, 
C’anada. *1, typical “duck-bill,” Trachodon; B, hoocled “duck-l)ill,” Corytho- 
saurus; C, crested “duck-bill,” Kn'fosaKnis. After Brown and Deckert, from 
Osborn. 


hands were we])bed, and used for paddling, and the long tail was 
flattened and served to scull about in the water as do the alligators. 
The duck-bill mouth is further evidence that they dwelt much in 
water. 

The Armored Stego- 
sauria (see Fig. 3G3). — 

In Jurassic time there de¬ 
veloped out of the duck- 
l)illed forms a most bizarre 
sto(‘k of heavy - limbed 
quadrupedal animals, 
browsing on leaves and 
twigs. These were the 
plated and armored types. 

Their habitat appears to 
liave been completely away 
from the water on the dry 
land, where they were sub¬ 
ject to the attacks of their carnivorous colleagues, hence the neces¬ 
sity of a protective armor. They returned to the ancestral loco¬ 
motion on all fours, and specialized in the production of an elaborate 
series of l)ony outgrowths of the skin. 



Fig. 303. — Restoration of an armored herlnvorous 
dinosaur, Stegosain'iis, from the late Jurassic 
of Wyoming. Weight of animal, about 10 
tons. After C. W. Gilmore. 
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In Stegosaurus covered saurian/^ see Fig. 363) the almost 
impregnable armor consisted of a double row of variously large bony 
plates ranging down the back from the head to near the end of the 
lashing tail, there to be replaced by two or more pairs of long sharp 
spines, making the tail a huge battle mace.^^ All of these bony 
outgrowths were provided with liorny sheaths. Over the hip area 
the plates were more than 2 feet high, 30 inches long, and 4 Inches 
thick at the base. The tail spines attained to a length of about 2 feet. 
In the skin were other bony nodules. Doubtless when the stegosaurs 
were attacked, they drew their head and limbs under the ])ody as do 
the armadillos and porcupines, and for protection against their ene¬ 
mies relied upon their dorsal armature, aided ])y rapid lateral motions 
of the great tail with its series of sj^ines. They died out during the 
Cretaceous, and appear to have been restricted to North Americ^a. 

In this form the small size of the brain in proportion to the body 
weight, which is characteristic of the dinosaurs in general, is espc'cially 
noticeable, the brain weighing but 2| ounces as against fifty times 
that weight in the elephant of lesser bulk. 

The Horned Ceratopsia. — Probaldy the most interesting of all 
dinosaurs are the horned types, strictly American joroducts,’^ first 
discovered in Wyoming and Colorado. These horned forms are 
characterized by the hugeness of the heads, in contrast to the com¬ 
paratively small ones in other dinosaurs. The first form dis(*overed 
was called Ceratops horned face ’’), and this has given the name to 
the group. They looked somewhat like rhinoceroses. The body 
was usually very large, barrel-shaped, with four short but stout legs. 
The tail was massive, but relatively short. The heads were wide and 
long, being drawn out backward over the neck into a prominent pro¬ 
tective frill, usually 4 to 6 feet long but reaching 8 feet in Torosaiirus, 
In some there was a short and in others a long horn over th(i nose, 
and over the eyes there were other horns, which again may be long 
or short. In Triceratops (see Fig. 360), there were three prominent 
horns. Some of the horns had a length of 3 or even 4 feet, and all 
the cores of bone were sheathed in horn. In addition, there w(‘re 
still other smaller horns along the edge of the frill, or the latter was 
drawn out into long horns. The muzzles were also covennl with 
horn as in turtles, and the jaws were replete with cutting teeth. 
The brain did not exceed 2 pounds in weight. 

The ceratopsian stock originated in Asia, but all the horned forms 
appear ready-made in the Upper Cretaceous (Judith River) of the 
Creat Plains of North America and were among the last of the dino¬ 
saurs to die OTit. Some of them were larger than elephants, weighing 
in the flesh up to 10 tons. 
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Pterodactyls 

After the dinosaurs, the most extraordinary and characteristic 
animals of the lands during- Alesozoic time were the dragons of the 
air, known as pterodactyls. These flying reptiles were more or less 
l)ird-like in appearance, and Hew perhaps even better than the 
associated medieval birds. The largest ones had the extraordinary 
wing-spread of 25 feet. The skeleton, however, was of very light 
construction, and it is probable that even the largest forms did not 
exceed 30 pounds in live weight; their bodies were, in fact, but an 
appendage to a pair of wings. 

The heads were usually much elongated, and the jaws generally 
provided with an abundance of slender, pointed and more or less 



Fig. 304. — .Jurat5«ic “dragon of the air,” or pterosaur {Rhmnpliorhynchus phyllurus) 
X iV After O. C. Marsh. 


curved teeth for catching the prey, the animals being wholly car¬ 
nivorous. In some forms the anterior part of the head appears to 
have been covered with a horny beak as in birds and turtles. The 
skin was evidently naked. 

Probably the most striking single character of the pterodactyls 
was the elongation and modification of the front limbs into Hying 
organs. This was especially true of the fourth or wing finger, which 
in the genus Pteranodon reached a length of 5 feet. To this was 
attached the wing membrane, a very flexible leathery skin like that 
of bats. 

Skeletons of pterodactyls occur in greatest variety in the Jurassic 
strata of western P]urope. In America, single bones are known in 
late Jurassic deposits, but the group attained its maximum in the 
Cretaceous, when Pteranodon sailed far out over the chalk seas of 
Kansas. 
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Toothed Birds 

Birds appear as fossils for the first time in the Upper Jurassic, and 

represent one of the most re¬ 
markable advances which the 
life of this period has to show. 
As yet, only a single kind 
of Jurassic bird has been 
found, and this is from the 
highest division, near Solen- 
hofen, Germany. Tliis ])ird, 
about the size of a larger 

- lloiid of ArcJuvoptcryx, as restored . . n i ^ 7 

l3y Heilnuinn. PiRTOii, IS called A rchwopterijx 


Fi^^. ;i0o. - 


Fig. 3GG. — Swimming reptilian bird (Hesperomis rcgalis) from the Upper C’retaeeous 
of Kansas. Restoration by Gerhard Heilniann. 


(Cireek for ancient wing). It has many })oints of r('sem])lance to 
the reptiles, and many characters which recur only in the embryos 
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of niodern birds. The jaws were set with a row of small teeth (see 
Fig. 365). 

The first American lairds come from the early Tapper Cretaceous 
strata of Kansas. These are large reptilian water birds of a species 
which has been called the regal western bird (Hespe?'ornis regalis, 
Fig. 366). They are also distinguished at once from modern birds 
])y the possession of teeth. Hesperornis stood about 4| feet in 
height; its wings were vestigial and of no use in air or water, but 
the great feet were webbed. Associated with these are found very 
rarely other smaller toothed birds with powerful wings {IclitMjornis^ 
Fig. 374), which looked much like modern gulls and terns. All of 
these birds were flesh-feeders. 
























CHAPTER XXXV 


THE JURASSIC PERIOD AND THE MANY KINDS OF RIHHTLES 

In Europe, over the Triassie lies the widely distributed and usually 
but little disturbed Jurassic. The high lands that were made during 
the close of the Paleozoic had now vanished, and extensive epeiric 
seas, with a life that was astonishingly rich and varied, gradually 
spread over the continent. Probably as many kinds of fossils are 
known from Jurassic rocks alone as from all the other M(\sozoic 
strata combined, and bec^ause of this i)revalence of organic nanains, 
these formations have been the training ground for many European 
stratigraphers and paleontologists. In England, these de])osits 
furnished fossils to William Smith, the Father of Stratigraphicj 
Geology, who was the first to discern in them a value as aids in deter¬ 
mining the age of the containing strata. In fact, it is from the 
Jurassic deposits of England, Germany and France that the prin¬ 
ciples upon which Stratigraphic Geology depends have been worked 
out. 

From the studies of the abundant Jurassic marine faunas, and 
chiefly the ammonites, came also the first clear ideas of climatic 
zones in Geology and of paleogeographic maps. 

North America, however, stands in strong contrast to the European 
Jurassic development, for the record is one of erosion and pene])lana- 
tion over three-fourths of this continent. It was only in ^Mexico 
and in the western portion of the continent that the ocean invaded 
the land. Probably fewer than GOO kinds of Jurassic fossils have 
been described from North America, while Europe has made known 
nearly 15,000 forms. 

Jurassic Seas. — In a previous chapter we saw that the Triassie 
period in eastern North Americai closed with the Palisade Disturb¬ 
ance, a movement that resulted in the making of block mountains, 
probably somewhat lower than the present Sierra Nevada. Accord¬ 
ingly, Jurassic time here opened with active erosion, and wluitever 
continental deposits were formed at the time were swept into the At¬ 
lantic Ocean. This erosion (*ycle brought about the final transfor¬ 
mation from the previous topographic exi)ression of high Apj)alachian 
and lower Palisade mountains to a nearly base-leveled land, thus 
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preparing the way for the next overlap of the Atlantic Ocean, late 
in Cretaceous time. 

On the Pacific border also the Triassic period closed with emer¬ 
gence, but early in the lower Jurassic, the Pacific Ocean again began 
to invade North America, sparingly in the Aleutian Peninsula, the 
Cook Inlet country of Alaska, and across Vancouver Island. These 
areas are of the British Columhic geosyiicline, and in Alaska the 
invasion continued throughout Jurassic time, depositing here about 
10,000 feet of coarse deposits, along with tuffs and andesitic lava 
flows. The widest extension in early Jurassic time, however, oc¬ 
curred ill the Californic sea of Oregon, California and Nevada. 

Toward the close of the Middle Jurassic, the northern Pacific, 
with a cool-water fauna, began to spread widely over Alaska, through¬ 
out the Pritish Columbic geosyncline and into the Pocky Alountain 
geosyncline in the states of Alontana, Idaho, Wyoming, Colorado 
and Utah (PI. 21, Alap 3). This flood has been given the name of 
Logan sea and the nature of its deposits changes from place to place. 
They consist of sandy clays, shaly marls, impure limestones and 
sandstones that are much cross-bedded; these, along with the 
universal presence of oysters, indicate that the sea was a shallow one. 

Late in the Triassic the Gulf of Mexico spread northwestward 
into nortliern Mexico, and in the late Aliddle Jurassic the greater 
central ])art was flooded. We shall see further periodic floodings 
in the Alexican geosyncline throughout later Alesozoic time (see 
PI. 23). Here the Jurassic sediments in the main are limestones and 
abound in ammonites. 

Continental Deposits. — Overlying the marine Jurassic through¬ 
out the Great Plains coimtr}', from IMontana south into New Alexico, 
occur variegated green and red marls and shales with irregularly 
distributed beds of sandstone. These are the Alorrison continental 
deposits (PI. 21, Alap 4), so called because they were first studied at 
Alorrison, near Denver, Colorado. They yield only fresh-water 
bivalves, snail shells and some reptiles, along with land plants, but 
the most striking fossils are the dinosaurs and some archaic mam¬ 
mals. These deposits are thought to have been laid down over a 
comparatively low and level plain which was occupied by lakes and 
swamps connected by an interlacing system of river channels, in 
which most of the dinosaurs lived. The topography and climatic 
conditions of that time are held to have been much like those of the 
lower reaches of the Amazon to-day. 

Volcanic Activity. — The volcanic activity which marked the 
Pacific border of North America during Aliddle and early Upper 
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Plate 21. — PaleogeoKraphy of Jurassic time. 

Epeiric seas dotted; oceans ruled. Fresh-water deposits cross-ruled. Volcanic 
regions indicated by crosses. See Plate 22 for latest Jurassic idiysiograidiy. 

Note that the entire sedimentary record is in the western jiart of the continent, 
Central America, and C’uba. In Map 3 is shown the spread of Logan sea, with gyjisum 
and red beds in darker shading. The highly interesting dinosaurs of the Morrison 
strata are found in the cross-ruled area of Map 4. 
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THE JURASSIC PERIOD 

Triassic time began again locally early in the Jurassic and continued 
throughout the period, becoming even more wide-spread toward 
its close than at any previous time (see PL 21). The eruptions were 
in part submarine, and in the main followed the distribution of the 
Triassic volcanoes. 

Nevadian Disturbance. — Toward the close of the Jurassic, the 
Pacific System of mountains (Sierra Nevada, Coast Ranges of Cali¬ 
fornia and British Columbia, Humboldt, Cascade and Klamath moun¬ 
tains) was elevated. This very decided movement is called the 
Nevadian Disturbance. With the rise of these mountains to the 
east and west, there came into existence between them the Great 
\^alley of California, a narrow but long geosyncline that has persisted 
into the present. Although the mountains mentioned appear to 
have been the regions of most active deformation, it seems probable 
that movements more or less marked took place from Mexico into 
northwestern Alaska. (See PI. 22.) 

While the Pacific border of North America was being folded, the 
earth-shell was also invaded by deep-seated igneous rocks (grano- 
dioritc) on a very large scale. At the surface there were immense 
outpourings of lava, which are conspicuous in the present Sierra 
Nevada. Magmas in great volume were intruded, forming the great 
chain of batlndiths now exposed ])y erosion along the Pacific border 
from Lower California to the Alaskan Peninsula (see PI. 23, Map 1). 
In comparison with this intrusion, all post-Proterozoic ones fade into 
insignificance. It is thought that although these intrusions may 
have started in Aliddle Jurassic time, the main injections took place 
at the close of the period, extending into Lower Cretaceous time, and 
that less significant upwellings went on even to the close of the 
IMesozoic era. 

The gold-bearing veins of quartz in the rocks of the Sierra Nevada 
formed as a result of the igneous invasions. The opened spaces and 
fissures became filled with silica (cpiartz) deposited by the heated 
solutions coming from the Ijathyliths below, which also brought with 
them the ores now found in the veins. Their erosion has furnished 
the gold found in the sand of rivers flowing out of the mountains 
(see p. 431). The ores in the Coast Ranges of British Columbia 
likewise date from this time. 

Eruptions of volcanic rocks on a tremendous scale also occurred 
during the Jurassic in South Africa and eastern South America, 
marking the first stage in the breaking down of the transverse conti¬ 
nent Gondwana. The foundering of this old land was completed in 
Cretaceous time. 
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Plate 22. — Late Jurassic paleophysiogr.aphy. 

The probable geography of late Jurassic time, when the Sierra Nevada and other 
mountains of the Pacific System were rising (see p. r>99). Tlie Lontral C'f)rdilloran 
ridge to the east of these mountains was rising, ])ut is here drawn too high, wlhle 
the Coloradic or Rocky Mount :ii:i geosync-line is shown as too deep. Note that the 
Appalachians are greatly reduced (compare with the map on p. 502), and that the 
Mississippi drainage may have begun this early. 
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Life of the Jurassic 

In the Jurassic, about 1000 species of insects are known, as against 
fewer than 50 in the Triassic. True butterflies (Fig. 367) and flies 
were rare in the Lower Jurassic, but 
caddis-flies, scorpion-flies, dragon-flies 
and beetles were abundant. Other 
kinds of insects known from the Jurassic 
are the cicadas, grassho])pers, locusts, 
cockroaches and termites. The social 
ants were certainly present in the early 
Jurassic, arising out of primitive wasps 
of the kind that now live in deserts or 
hot sandy places. 

The Jurassic reptiles attained a more 
diversified development than those of 
the Triassic. True lizards appeared 
here, and the turtles were abundant 
and world-wide in distribution. One 
of the most remarkable groups of Juras¬ 
sic carnivorous reptiles was that of the flying dragons, which are 
described in the previous (Jiapter. The dinosaurs proba])ly attained 
their zenith of differentiation in the late Jurassic and then con¬ 
tinued in fullness of development into the Cretaceous. The most 
characteristic of all were the Sauroi)oda, and other striking large 
forms occurred among the carnivores and armored types, descril^ed 
in the preceding chapter. In this chapter we also saw that the first 
known Inrds (*ome from Jurassic strata {ArchccopteryXy Fig. 365). 

Among the reptiles of the seas, the Ichthyosauria (fish-lizards) 
were a highly characteristic group, for though they appeared in the 
Triassic and continued into the Cretaceous, the Jurassic, and especially 
the Lower Jurassic, was the time of their principal expansion (Fig. 
368). 

Among the marine inverteljrates, sponges were locall}" very com¬ 
mon, and in })laces made tliick reef limestones. Other reefs were 
made by modern ^rals (Ilexacoralla, Fig. 369), which were of very 
wide distrilnition in the Middle and early Upper Jurassic. The 
crustaceans, usually rare as fossils, are represented by many kinds of 
lobsters and the first crabs in the Upper Jurassic about Solenhofen, 
Germany, due to unusually favorable conditions of preservation. 
The most characteristic shell-fish of the Jurassic, however, were the 
ammonites. 



Fig. 3G7. — An Upper Jurassic 
l)uttcrfly (Liniacodiies meso- 
zoicua), as restored l)y A. Mand- 
lirscdi. From Geschichtc der En- 
tomologie, 1922. 
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Ammonites belong to the class Cephalopoda, and hence are related to the 
Paleozoic nautilids (described on page 523), to the belemnites, and to their descend¬ 
ants, the modern cuttle-fishes and squids. They arose out of the goniatites (PI. 
12, Figs. 18-20), occurred in the Mesozoic seas in great abundance, and were 
exceedingly varied in size, shape and ornamentation. Probably the average size 
w'as between 3 and 4 inches, although one form in the Upper Cretaceous of Ger¬ 
many (Pachydiscus seppenradensis) attained a diameter of 8 feet. They api)ear 
to have been better swimmers than the nautilids, and therefore crawled less over 
the sea ])ottom. The name comes from a fancied resemblance of the shells to 
the horns of rams, pictured as one of the attributes of the Egyptian deity Ammon. 



Fig. 370. — Jurassic ammonite with the animal restored. Rostrum shown in right- 
hand figure. From Fraas’s Guide to the Stuttgart Museum. 

In many ways the chambered shells of the ammonites resem])le those of the 
pearly nautilus, but there are a number of marked differences. The former are 
nearly always more ornate, narrower or less deej), often distinctly keeled, and 
usually this keel is drawn out into a sharp point, the rostrum (see Fig. 370). The 
chief difference, however, is in the nature of the i)artitions (septa) between the 
chambers of the shell, which attain a much greater degree of comi)lication in the 
ammonites than in the earlier nautilids. 4Te edge of these sc])ta, as it appears 
in the fossils, in which the outer shell is often ab.sent, has so distinct and corn- 
j)licated a pattern in the various forms that it makes the ammonites es])ecially 
valuable in deciphering the chronology of the Mesozoic, since this complication 
is progrcs.sivc with time. 

Belemnites were also characteristic of the Mesozoic, and were the ancestors 
of the modern squids. They were likewise very active, carnivorous ccphalopods 
which fed on fish, crabs and molluscs, but unlike the ammonites, they had no 
external shells. They had ten arms, possibly eight short and two long protru- 
sible ones, as in the living squids. Among fossils, the part of the intermal 
skeleton usually j)re.served is the guard, a more or less cigar-shaped, solid, calcar¬ 
eous body, sometimes 2 feet long and 4 inches thick (PL 20, Fig. 3). 




































CHAPTER XXXVI 

CRETACEOUS TIME AND THE APPEARANCE OF FLOWERING 

PLANTS 

In the early part of the past century tlie European geologists were 
struck by the wide distribution of chalk dei)osits overlying the 
Jurassic and beneath the Cenozoic, and therefore characterizc^d 
them as the Cretaceous system, from the Latin crctciy chalk. In the 
course of their work in lingiand and Ih’ance, they added formations 
of other materials, because the fossils clearl}' linked them together. 
In this way the Oetaceous system came to embrace so great a mass 
of heterogeneous strata that with the (‘ontimuMl in(*reas(' of knowledge 
it became necessary to separate the formations into Lower a,nd 
U})per Cretaceous divisions. Tliis usage is now widely accei)ted. 

Chalk was long ))elieved to be an abyssal oceanic (k^posit like the 
present Globigerina ooze found over great areas of the ocean bottoms, 
but the larger fossils in the chalks are indicative of shallow seas, and 
the formations are often accompanied by sands, while in closely 
adjacent areas the equivalent strata contain no chalk. Accordingly, 
it is now held that chalks are accumulations of organic materials 
made in the main l)y the calcareous skeletons of minute plants 
(algai) and animals (Eoraminifera, see p. ooO), in dear-water seas 
adjacent to low lands with mild or desert climates. 

Lower Cretaceous Time 

In North America, the Ijower ( •retaceous has two independent 
marine developments: (1) in the ^Mexican geosyncline, extending 
widely over Mexico and northward across Texas into Colorado and 
Kansas. Tliis is the Comanchian sea. (2) A Pacific dev(dopment 
known as the Shastan sea, of the Cddifornic and Pritish Colum])i(; 
geosynclines. In addition, there are two widely separated areas of 
fresh-water deposition: (3) the Kootenai strata in the Canadian 
Rockies and ricli in coal deposits, and (4) the Potomac strata, rich 
in pottery clays, along the border of the Atlantic in the Lhiited States 
(see PI. 23). 

Comanchian Sea. — From southern Arkansas across Texas, and 
thence across almost all of eastern Mexic'o to the Isthmus of Tehuan- 
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tepee, are found limestones and marls that are of Comanchian age. 
These are the deposits of the most extensive inundation by the 
oceans which befell Mexico and which was greatest here in middle 
Lower Cretaceous time. Central Texas is the typical area for these 
strata, and in the southern part of that state and in Alexico the 
Comanchian seas are thought to go unbroken into those of the Upper 
Cretaceous. Late in Comanchian time the sea of the Texan area 
began spreading northward across New Alexico and Oklahoma into 
Kansas and Colorado (see PL 23, Alap 2). The thicknesses of deposits 
here are usually less than a few hundred feet, which toward the north 
and east thin down to the vanishing point. 

Shastan Sea. — The Shastan development is wholly distinct, 
faunally and lithologically, from the Comanchian one, from which 
it is separated geographically b}" the Central Cordilleran geanticline 
(see PI. 23, Alaj) 2). The faunas are of the Indo-Pacific realm. 
The Nevadian Disturbance at the close of the Jurassic had greatly 
reduced the width of the Californic geosyncline, making of it a 
narrow but deepened trough throughout western California, but 
extending widely into Oregon. To the west of the trough lay a 
borderland of which the j^resent Coast Ranges are the remainder. 
Into this narrow trough the Shastan sea spread, depositing essen¬ 
tially sandy shales, the thickness of which attains to about 10,000 
feet ill northern (Adifornia. 

Shastan deposits are also known in northern Washington and 
along the Canadian and Alaskan coasts. These iiuJude considerable 
thicknesses of volcanic material (lavas, tuffs and ash beds), and in 
the Queen Charlotte Islands there is coal present. 

Kootenai Continental Deposits. — Turning now to the areas of 
fresh-water deiiosition, we find in southern Alberta (Crowsnest Pass) 
and southeastern British Columbia, east of the axis of the Rocky 
Mountains, Lower Cretaceous formations of great thickness. These, 
the Kootenai swamp deposits, are chiefly sandstones and sandy 
shales. They contain many l)eds of good coal, estimated to total 
nearly 8,0()0,()()(),()()() tons, of which al)out 400,000,000 tons is anthra¬ 
cite. The coal-bearing Kootenai is likewise present about Great 
Palls, Montana, and south into central Wyoming (see PL 23, Alap 2). 

Potomac Continental Deposits. — The second fresh-water area of 
deposition is ])est developed in Alaryland. The rocks are exposed 
to the east of the Triassic outcrops and still further eastward they 
gradually pass beneath the later Cretaceous and Cenozoic strata. 
This formation is notable for its introduction of the flowering plants, 
whicli were to come in strongly in the Upper Cretaceous. 
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Plate 23. — Paleogeography of Cretaceoua time. 

Epeiric and slielf seas dotted; oceans ruled. Fresh-water deposits in solid l)lack. 

In Map 1 are shown the more important areas of late Jurassic igneous intrusions. 
In Map 2, note the presence of the Cordilleraii Intermontane geanticline, the small 
areas of fresh-water Potomac deposits along the Atlantic piedmont, and the far greater 
areas of river deposits in the Ilf)cky Mountains. The greatest Oetaceous flooding 
is shown in Map 3, and the complete retreat of the seas follows. Map 4 and PI. 24. 
Note the land bridge to South America in Maps 3 and 4. 
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Central Cordilleran Disturbance. — We have seen in previous 
chapters that the waters of the Pacific transgressed widely through¬ 
out the two western geosynclines of the North American continent 
during the Triassic and again in the Jurassic. In the Rocky Moun¬ 
tain area of the United States, however, uplift began as early as 
Middle Triassic time, apparently bowing up a low arch in western 
Utah, eastern Nevada and throughout Idaho (black area of Fig. 
371), and this arch persisted into late Jurassic time. At the close of 



Fig. 371. — Outline map to show regions of elevation (horizontal shading and solid 
black), the formation of the Coloradic geosyncline (right-hand diagonal lines), 
and the Pacific deposits. Generalized from Ransome, Problems of American 
Geology. The black area is that of the present C’olumbia River Lava Plateau, 
the region of elevation to the north is known as the Northern Interior Plateaus, 
while that to the south is the Nevadan-Sonoran Region. 


the Jurassic the Sierra Nevada was thrown up to the southwest of 
this uplift, narrowing the former wide extension of the Californic 
and British Columliic geosynclines. These conditions were further 
altered toward the close of the Lower Cretaceous by the additional 
rising of land to the west of the present main Rocky Mountain 
ridges, all these uplifts together making the Central Cordilleran 
Belt of elevated plateaus that extend from Arctic Alaska all the way 

































608 


OUTLINES OF HISTOKICAL GEOLOGY 


into Central America. This movement is the Central Cordilleran 
Disturbance near the close of the Lower Cretaceous. It was mani¬ 
fested also in Mexico, for in late Lower Cretaceous time western 
Mexico and Central America into Nicaragua were elevated. (See 
Fig. 371.) 

Crustal unrest of this time is also apparent in other parts of the 
world, for toward the close of the Lower Cretaceous the Atlantic 
began to encroach upon Brazil and equatorial West Africa, showing 
that much of the continent of greater Gondwana had gone into the 
depths of the Atlantic. The present configuration of the Atlantic 
Ocean, may, therefore, be said to have had its origin in the early part 
of the Cretaceous period. 

Uyj)er Cretaceous Thne 

With the Ui)per Cretaceous, we come to a time of wide-spread 
flooding of the continent by a great epeiric sea, together with overlaps 
along the Atlantic, Gulf of Alexico and Pacific borders. The Ui)per 
Cretaceous transgression, the world over, was probably the greatest 
of all geologic time. 

In North America, this vast ei)eiric or inland sea at first extended 
from the Arctic Ocean into southern Mexico, and from the Cor¬ 
dilleran highlands east almost to the Alississippi River (see PI. 23, 
Map 3). To the west lay the Central Cordilleran highlands, which 
furnished nearly all the sediments for the sea to the east. All of 
that portion of the sea to the north of Texas is known as the Coloradic 
sea; south of New Mexico this continued widely into the Mexican 
waters which covered the eastern half of Mexico all the way to 
Tehuantepec. 

Coloradic Sea. — The deposits of tlie Coloradic sea are very vari¬ 
able from 23lace to pla(*e, and are notablci (^specially for the amount of 
coal which they contain. In gciua-al, they are thickest in the west, 
where the materials came from the periodically rising Central Cor¬ 
dilleran highlands, so that bra(*kish and even fresh-water de})Osits 
are more frequent here than in the eastern j^art of the sea, and here 
is the greatest amount of coal (humic* and lignite). Throughout the 
Rocky Mountains there are more than 100,000 scpiare miles of 
coal-bearing lands. 

During the Ui)per Cretaceous, the Coloradic sea l^egan to vanish 
from the Arctic southward, and nearly all of the western part of the 
seaways south of 55° N. Lat. changed from marine to fresh-water 
conditions. Within the United States, however, the seas of U})per 
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Cretaceous time continued until near the close of this epoch, and 
even then the sea reappeared for a short time, depositing the Cannon¬ 
ball formation. These oscillations and the general vanishing of the 
marine waters are prophetic of the coming Laramide Revolution. 

Mexican Sea. — The Mexican sea was an extension from the Gulf 
of Alexico, and in its spreading we see clearly for the first time the 
appearance of the Gulf, but as a greater l^ody of water than it is 
now. On the border line of Mexico (Eagle Pass), Upper Cretaceous 
time is fully represented, and its strata are also well developed 
throughout northeastern Mexico and as far south as San Luis Potosi. 
South of this region the formations gradually vanish, and none are 
known in southern Alexicoand the greater part of Central America. 

Atlantic Border. — In addition to this great flooding of the interior 
portion of the continent, the Cretaceous waters also overlapped upon 
its borders as shelf seas, laying down the first known shelf deposits 
in North America. Upper Cretaceous formations are known all 
along the Atlantic border, either beneath or inland of the Cenozoic 
marine strata, from Alassachusetts to South Carolina (see PI. 23, 
Map 4). They all dip seaward, though their original position is now 
warped, due to elevation in the west. The area yielding most 
information is in New Jersey and Alaryland, where the strata consist 
in the lower half of gravels, sand and clays with lignite, while the 
upper portion is made up of clays and sands becoming more and more 
glauconitic and finally going over mainly into greensands. Glau¬ 
conite is made in dear-water seas, and these sands are characteristic 
of the Atlantic overlap and at times are found in considerable quan¬ 
tities in the eastern Gulf border. 

Gulf Border. — The seas coming in over the eastern Gulf ])order 
across Texas and Louisiana laid down Upper Cretaceous formations 
in the Mississippi trough from southern Illinois across Tennessee 
and Alississippi into southern Alabama and Georgia. Nearl}^ every¬ 
where they overlap Paleozoic strata and in Georgia they rest on the 
ancient crystallines (PI. 23, Maps 3, 4). The deposits begin as a rule 
with sandstones that pass into clays and marls and locally into thick 
impure chalks. 

Pacific Border. — On the Pacific l)order the Lower Cretaceous 
(Shastan) strata arc overlain by the Upper Cretaceous (Chico) 
sandstones and shales, with local conglomerates and coal beds. 
These occur in the British Columbic gcosyncline all the way from 
the lower Yukon, the Alaskan Peninsula, and the Queen Charlotte 
Islands (11,000 feet) to Vancouver Island; and in the Californic 
geosyncline from middle and southern Oregon as far south as 31° 30' 
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Plate 24. — Latest Cretaceous paleophysioj^raphy. 

Oceans ruled; lands in wavy lines. 

Note that tlie continent is coni]ilet(‘ly enier^^ent, and that in the west it is newly 
risen into the Rocky, ('ordilleran, and Pacific mountains (]>. (>12), wliile in tlu* east tin* 
Appalachian anai is a^ain doni(*d. Antillis and (’entral AiiK'rica also an* moun¬ 
tainous. 

The black sjiot is the area of latest C'retaceous fr('sh-wat(*r dejiosits. d'he drainaii:e 
of the Mississiiipi system is well established. 
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(see PL 23, Map 3). In California there were two periods of vol¬ 
canic activity, and in the Queen Charlotte Islands one of long 
endurance. 

Laramide Revolution. — The close of the Cretaceous, and hence 
of the Mesozoic era, was marked by an extraordinary amount of 
mountain making in many parts of the world (see Fig. 372). In our 



372. — Storoograpliic map of the western hemisphere, after Peiifield, showing 
the Laramide, Antillian, and Aiulean regions of folded moimtains of (’retaeeous 
origin. The Appalachian area was reelevated but not folded. 


own continent we have seen that the Central Cordiileran highlands 
had been rising intermittently since the Middle Triassic. This 
continued during the Upper Cretaceous and at times the geanticline 
was studded with active volcanoes that extruded much lava. These 
eruptions continued with unabated vigor to the end of Cretaceous 
time, and even into the early Eocene, and the volcanoes extended 
from Mexico City and Arizona north into Canada. 
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These volcanic eruptions were but symptoms of crustal movements, 
for mountain making of a folding nature, and thrusting toward the 
east on a vast scale (see p. 367), were going on during late Cretaceous 
time, resulting in the rising of the Rocky Mountains. The most 
intense folding, the actual Laramide Revolution, which closed the 
period and the era, transformed the geosyncline to the east of the 
Central Cordilleran Iiighlands into the very long Rocky Mountains 
i:)roper and the Colorado Ranges. 

.The western part of South America was also involved in this 
mountain-making movement. During tlie Paleozoic and Mesozoic 
there existed here a geosyncline, containing the Andeic inland sea, to 
the west of which stood a wide and repeatedly rising highland fur¬ 
nishing rock materials. To the east of the sea lay a very extemsive 
lowland, the Amazonian Shield, which in its history repeats the 
plains topography of the Canadian Shield. In the middle of 
Upper Cretaceous time, the Andeic geosyncline began to fold and rise 
into a mountain tract, the longest in the world. Beginning east of 
Trinidad off Venezuela, these mountains, the mighty Andes, extend 
southwestward into Colombia and thence southward to beyond 
Cape Horn, a distance of nearly 5000 miles. 

During the Cretaceous, and more especially in the Upper Creta¬ 
ceous, came the downbreaking of the lands bordering the Indian 
Ocean, and the development here of the present geography. The 
first clear evidences of this foundering of the lands bordering the 
Indian Ocean are seen in the volcanic eruptions of Arabia in early 
Upper Cretaceous time, and later in the period the belching forth 
of lavas became more general in India. These are the most colossal 
eruptions known to geologists, covering at least 200,000 scpiare 
miles of India, as well as vast areas now buried in the depths of the 
Arabian Sea. 


Climate of Cretaceous Time 

The marine faunas of the Lower Cretaceous were not of warm 
waters in the far north, for no coral reefs are known there, but their 
distribution was then in higher latitudes than it is now. In general 
we may say that after early Upper Cretaceous time, when the marine 
floods were greatest, the climate the world over was considerably 
milder than it is at present, and that it was warm temperate in 
character. 

Late in the Cretaceous, fig and breadfruit trees and palms wero 
living in the Great Plains, indicating a climate as mild as that of 
to-day along the Gulf of Mexico. The climate in the Rocky Moun- 























CRETACEOUS TIME 


613 


tains at the end of the period was again cooler, with distinct though 
probably not severe winters, more like those in the present Dismal 
Swamp of Virginia and North Carolina. 

Life of the Cretaceous 

The most striking aspect of the land life of the Cretaceous was 
the full development of the modern floras, along with the culmination 
of the dinosaurs, pterosaurs, toothed birds and archaic mammals. 
The floras held the prophecy of modernity, while the animals re¬ 
tained the culminating evolution of medieval life. 

The floras of the Lower Cretaceous are everywhere divisible into 
an early and late phase of development. The older ones are those 
of the Jurassic retained into Cretaceous time, and. consist of ferns, 
rushes, cycads and conifers. The rushes, however, had now dwindled 
into their present meagre representation, and the older Mesozoic 
ferns were giving way to modern ones. Finally, in late Lower 
Cretaceous time the cycads also began to wane, and their places 
were taken by the modern flowering plants or angiosperms. Before 
the close of the Lower Cretaceous, this early hardwood forest had 
spread to Alaska, Greenland and Portugal, where elms, oaks, maples 
and magnolias occurred; and later, in the earliest Upper Cretaceous, 
it spread over the entire world. Its advent was as important in the 
plant world as was that of man ajyiong the animals. Fruits, grasses 
and cereals were now at hand and these are of prime value to many 
animals, and especially to humanity. It seems more than a coin¬ 
cidence that angiosperms should have arisen and become world-wide 
in dispersal before the widest deployment and most significant 
evolution of the mammals took place, and we may well believe that 
human civilization could not have evolved but for the presence of 
this group of plants. 

The invertebrate life of the sea was not very different from that 
of the Jurassic, and only a few of the more marked changes need be 
noted. The sea-urchins were very varied and prolific in the warmer 
seas, and the heart-urchins attained their climax of evolution in the 
Uj^per Cretaceous. Among the bivalves, true oysters and many 
oyster-like forms (see Fig. 373) were very abundant, while all of the 
molluscs were taking on the expression of modernity, through the 
elimination of the old stocks. This is best seen among the ammon¬ 
ites, which were still plentiful in the Lower Cretaceous, but showed 
a great loss of vitality, in that few new stocks arose. By Upper 
Cretaceous time, racial old age was upon them, and they were 































Plate 25. — Upper Cretaoeoiis })rachiopofls (1, 2) and molluscs (3-10, 3-6 bivalves, 
3, 4 oysters, 7-12 gastropods, 13-10 cephalopods or ammoiiids). 

Fig. 1, Terchratiila harlani; 2, Terehratclla plicata; 3, Oslrca larva; 4, O. Ingyhrh; 
5, Exogyra contata; 0, Inocerarnus vanuxemi; 7, Turrilclla wkitei; H,Afl7?iet()psissuh- 
fufiiforynia; 9, Cancellaria malachitensis; 10, CryplorhytU utahennU; 11, Pyropsia hairdi; 
12, Aporrhais prolahiata; 13, Scapkites nodosus; 14, BacuLites comprcHHUH; 15, frag- 
inoiit of an adult of same species, to show suture line; 10, Ilelerocerati atcvetifioni. 
After IStanton, Whitfield, and Scott. (014) 
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making their last stand, the bottom-living forms being the last to 
vanish. 

The seas of Cretaceous time, as well as the lands, continued to 
be dominated by reptiles. In the latter part of the period, the 
ichthyosaurs were vanishing, but the plesiosaurs attained their 
culmination, for a form has been found in Kansas which had a length 
of 40 to 50 feet {Elasmosaurusj Fig. 374). Alost interesting of the 
newly appearing marine animals were the scaled reptiles known as 
mosasaurs, which IKed only during the Upper Cretaceous. These 
gigantic carnivorous lizards, ranging in length up to 35 feet, and 
with limbs modified into swimming paddles, swarmed in the shallow 
seas along the Atlantic and Gulf borders, and especially in the seas 
of Kansas (see Fig. 375). 



Fig. 373. — Oystcr-like shells characteristic of the Comanchian {Gryi^hcea mucronata). 
After Hill and Vaughan, U. S. Geol. Surv. A, upper or free valve. R, and C, 
lower or attached valves from the inside and outside. 


Almost nothing is known of the dinosaurs in the Lower Cretaceous 
other tlian fragmentary skeletons in the Potomac formation, though 
they are often present in ecpiivalent formations in Europe. During 
Upper Cretaceous times, however, these reptiles were very varied 
and the individuals large in size. The most characteristic were the 
horned Ceratopsia. The duck-billed forms were large and repre¬ 
sented by distinctively American kinds, both in the Rocky Mountains 
and in New Jersey. Large sauropods were rare. Upon these various 
kinds preyed the carnivorous types, among which was the king- 
tyrant saurian {Tyrannomurus rex), the most fearful of all flesh¬ 
feeding animals (see Fig. 360). Not one of these monsters continued 
into Cenozoic time. 

























Fig. 371. — Kestorations of vortcbratos of the Chalk seas of Kansas. The long-necked reptile attacking the wingless reptilian bird 
(Ilcsperorni.'i) is a plesiosaur {Ela.'<tnosaurus ); the fljdng reptiles on the left nre dragons or pterosaurs (Pteranochu ); on the right 
is a fish-lizard {Ichthyosaui'Ui<), attacking winged reptilian birds (Ichihijoi'nii^). After Williston. From University of C'hicago Press. 
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Birds are represented in the Cretaceous by the toothed forms 
described in an earlier chapter, and the flying reptiles, or pterodactyls, 
reached their culmination here in Pteranodon. Neither stock passed 
over into the Cenozoic. 

Many jaws of diverse kinds 
of mammals have been found 
in late Cretaceous deposits of 
Wyoming and Montana, but 
they did not as 3"et pla}' an 
important role among the 
land animals of their time; 
nearl}" all were small and of 
archaic character. Toward 
the veiy close of the ]\Ieso- 
zoic, immediate!}" after the 
dinosaurs had vanished, they 
])egan to attain larger size 
and tended to become the 
dominant animals of the 
lands. The most remarkable 
of these were five genera of 
})rimates, the stock from 
which man was ultimately 
to rise. 

The Cretaceous was a time 
of death to many character¬ 
istic ]\Iesozoic stocks, hhitire 
races of specialized forms disappeared, just as did other stocks 
under similar environmental circumstances ((‘ritical periods) at the 
close of the Paleozoic. In the later Cretaceous it was the am¬ 
monites, belemnites, marine saurians, dinosaurs, flying dragons 
and toothed birds that vanished, and there was marked reduction 
among the reef corals and ganoid fishes. In short, the reptilian 
dominance on land and sea was destroyed, and their going gave the 
medieval birds and mammals their chance to adapt themselves to 
the angiosperm floras and thus to rise into the rulers of the future 
Cenozoic world. 



Fig. 375. — A scaled Upper Cretaceous mosa- 
saiir (Clidastcfi). From Kansas. Restora¬ 
tion by Williston, from University of Chi¬ 
cago Press. 




































CHAPTER XXXVII 

THE DAWN OF THE RECENT IN CENOZOIC TIME 

Long ago a famous geologist said that the picture which Geology 
holds up to our view of North America during the greater part of 
Cenozoic time is in most respects more attractive and interesting 
than could be drawn from its present appearance. Then a warm 
and genial climate prevailed from the Gulf to tlie Arcdic Ocean, 
and most of the continent exhibited an undulating surface of rounded 
hills and broad valleys covered with forests, inhabited by birds and 
animals far more varied than any of the present day, or wide expanses 
of rich savannah over which roamed countless herds of mammals, 
many of gigantic size, of which our present meagre fauna retains 
but few representatives. 

During the rise of the science of Geology, the youngest era in the 
history of the earth was named Tertiary, it being thought that all 
older time was comprised in but two other eras. Later came into 
use the term Quaternary, which included the youngest geologic 
formations of more or less unconsolidated materials scatten'd over 
the surface of the earth. Since, however. Quaternary is not- rei)re- 
sentative of an era of geologic time, and since we now re(*ognize 
more than three eras, we had best abandon both Tertiary and (Quater¬ 
nary, and use only one term, Cenozoic (from Greek words meaning 
recent life). Recent time will then start when the Pleisto(aaie 
continental glaciers began their final melting off noidhern Euroi)e 
and North America, seemingly something like 2(),()()() years ago. 

The separation of the Cenozoic into various subdivisions resulted 
from the study of the rich marine formations of the Paris basin, with 
their interbedded continental deposits. It became ap[)arent as early 
as 1818 that the youngest strata had the greatest number of still living 
species, while the forms found in the oldest rocks had the least faunal 
resemblance to those of the present, and in the Cretaceous there 
were no species of the present living world. Hence the C'enozoic 
must be regarded as the era in which our present animal life dawned, 
and on the basis of the progressive change or evolution in its marine 
shells, it can be divided as follows: Eocene (dawn of the Recent), 
Oligocene (little of the recent), ^Miocene (less recent). Pliocene (more 
recent) and Pleistocene (most recent). 
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Seas 

The seas of Cenozoic time in North America, excepting in Cali¬ 
fornia, were typically marginal overlaps of the oceans, and therefore 
of the nature of shelf seas. There were almost no inland or epeiric 
seas, in contrast to their dominancy during the Paleozoic and Meso¬ 
zoic. The marine overlaps oscillated back and forth repeatedly and 
variably in the different areas of invasion, but at no time was more 
than G per cent (Middle Eocene) of the present area of North America 
under water, while the average for the Cenozoic was about 3 per cent 
or even less (see PI. 26). 

Atlantic Border. — On the Atlantic border, wherever the contact 
between the Cretaceous and the Eocene has l)een seen from New 
Jersey to central Mexico, the Eocene sea [idvanced across a land 
surface which had reached an old or nearly base-leveled stage of 
erosion, as is shown by the almost horizontal contacts. Not a single 
species of the Mesozoic is known to pass this ])rcak into the Eocene, 
indicating that the lost interval here is a long one. 

The Cenozoic deposits of the Atlantic Coastal Plain north of 
North Carolina (Cape Hatteras) are not at all as well developed as 
tliose in the states bordering the Gulf of Mexico, and no Eocene 
strata are known north of New Jersey. A limited Lower Eocene 
develoi)ment of marine greensands and marls not over 225 feet thick 
occurs in Alary land, Delaware and Virginia. Upon these follow, 
after a long interval of land conditions, the Chesapeake cold-water 
Aliocene sands, clays, marls and diatomaceous earth, with a thickness 
ranging up to 475 feet (see PI. 26, Alap 3). Alarine Pliocene strata 
are of very limited and oc(*asional development. 

Erom Cape Platteras southward and westward, the marine Ceno¬ 
zoic is well represented, with the longest sequence of the older strata 
in Ala])ania and Alississippi and of the younger ones in Florida. In 
the north, toward the old shore, it is a variable series of sands, green- 
vsands (glauconite) and marls, with more or less of lignite beds, while 
in Florida occurs an unequaled development of Oligocene and Alio- 
cene limestones and marls, with but little sand. 

Mississippi Valley. — In the embayment of the Mississippi valley 
extending to southern Illinois occur Eocene fresh- and brackish-water 
sands and clays, with beds of lignite (see PI. 26, Map 1), the plant 
accumulations of former swamps. These are the sediments of the 
ancient delta of the Mississippi River when the shores of the Gulf 
of Alexico were near Cairo, Illinois. Later, in early Oligocene time, 
the sea had withdrawn to middle Alabama (see PI. 26, Alap 2). 
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Plate 2G. — Paleogeography of Cenozoic time. 

Epeiric and shelf seas dotted; oceans ruled. Fresh-water dci^osits with land life 
in solid black; these areas, however, have the combined Cenozoic formations. \'ol- 
canic regions indicated by crosses. 

Note that all geosynclines have vanished excepting remnants of tlie Pacific one; 
also that North and South America are separated by the Panama portal, at the time 
of the greatest submergence of Antillis (Map 2). 
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Westward from the Mississippi River on the western Gulf Coastal 
Plain, the Eocene is well developed into Texas and northern Mexico, 
with marine, brackish-water and swamp deposits of sands, clays, 
greensands and lignite beds. Since Oligocene time the great stream 
of fresh water from the Mississippi River has not only had its in¬ 
fluence on the sedimentation of this area, but has also prevented the 
intermigration of the shallow-water life to the east and west of the 
river. 

The Oligocene formations are well developed in Louisiana, where 
they are essentially fresh-water sands and green clays. In Texas, 
marine Oligocene is well known in the oil wells, and in Mexico it 
occurs as narrow overlaps. 'West of the Mississippi, Miocene strata 
are known in deep wells, and at Galveston, Texas, they are 2300 feet 
beneath the surface, showing the extent to which the eastern margin 
has sunk beneath the sea since late Miocene time. Of Pliocene 
strata there is l)ut a small development. (See PI. 26, Map 4.) 

Central America. — There are no marine deposits of the early 
Eocene known in Central America, and hence we may assume that 
at that time and during the late Cretaceous North America and South 
America were united by a land bridge wider than the present one. 
This connection permitted the land life of the two continents to 
intermigrate. During later Eocene time, however, and more espe¬ 
cially throughout the Oligocene, the Caribbean Sea spread widely 
across southern Central America and some of the Atlantic Eocene 
molluscs migrated to California and South America. During the 
earlier Aliocene the two continents still remained separated, and they 
were not reunited until late Miocene time. (See PI. 26.) 

Pacific Border. — On the Pacific side of the continent, most of our 
knowledge of marine Cenozoic invasions is restricted to the states of 
California, Oregon and Washington, and northward into the Van¬ 
couver area of Canada. There appears to be no sedimentary record 
along the shores of British Columbia and Alaska until late in Miocene 
times, and even this marine overlap was of small extent. (See PI. 26, 
Map 3.) 

In most places the Cenozoic rests unconformably upon the Meso¬ 
zoic or older rocks, though at times the contact is a disconformable 
one. In California, there is a long Miocene record in very thick 
deposits, made up largely of ash and the siliceous tests of micro¬ 
scopic plants, the beautiful diatoms. About 25,000 feet of strata 
were accumulated here during the Cenozoic, but if we take the maxi¬ 
mum thicknesses for all the formations the total rises to a])Out 
45,000 feet. In the main the deposits are coarse detritals, as sands, 
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muds and much volcanic ash with local lava flows. The seas were 
shallow and in places became filled with sediment and then passed 
into marshes, making coal beds, as was especially the case in the 
estuary of the Puget Sound region, where 125 coal beds occur. 

It is not yet clear to what extent during the Cenozoic Alaska 
was united with Siberia, though it seems that the ocean did not 
invade the Bering Strait region until late in the Miocene. Since 
the Pliocene the bridge has been crossed by the sea at different times. 

Continental Deposits of the Rocky Mountains 

Fresh-water and wind deposits of Cenozoic time cover great areas 
in the United States, chiefly in the foothills and the i)lains country 
east of the Rocky Mountains (see PI. 2G, Map 1). It should be 
clearly understood, however, that the deposits consist of a large 
number of separated formations, laid down by many large and small 
rivers over their flood plains, now here and now there throughout the 
Cenozoic. As a rule, the strata remain horizontal and are somewhat 
consolidated into sandstones, sandy shales and local conglomerates. 
Volcanic ash in thick IxkIs or reworked by water and wind occurs in 
most of the formations and constitutes a considera])le amount of tlie 
Cenozoic rocks of the plains country. Nearly everywhere the strata 
are exposed to view in more or less locally dissected ])laces where 
the rain, streams and wind of the present semiarid climate have worn 
them into those picturesque areas known as “ badlands ” (see Figs. 
19, 21). The thickness at any one place varies from a few hundred 
feet to several thousand, but if all the thickest local dei)osits are 
combined the total Cenozoic sedimentation attains to well over 
20,000 feet. It is in this vast mass of material that lies buried tlie 
most interesting known record of mammalian evolution, the remains 
of one organic dynasty after another, whose histories have attracted 
the attention of paleontologists the world over. 

Green River lake of Middle Eocene time, covering at least 350 by 
150 miles of southwestern Wyoming, was shallow and lay near sea- 
level. Many of its deposits are bluish black in color and abound in 
petroleum that will some day be distilled from them. From these 
deposits have been described thirty-five fishes, among which are 
eight kinds that are clearly of the sea, showing that they got into this 
lake to spawn by migrating up some unknown river. One of them 
is a sting-ray. 

The older geologists stated that these Cenozoic fresh-water strata 
had in the main been laid down in lakes of vast extent. During the 
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past twenty years, however, it has been shown that they are the 
materials of rivers originating in the mountains, and meandering 
and unloading over great flood plains under a more or less semiarid 
climate. In addition there is also a great deal of wind-borne ma¬ 
terial, desert dust and fine volcanic ashes from the western volcanoes, 
that at times killed and buried the flora and fauna over considerable 
areas. 


Cascadian Revolution 

In the chapter on the Cretaceous it was stated that the Mesozoic 
era in North America was closed by the Laramide Revolution, when 
the Laramide mountains (including the Rocky Mountains) were 
folded and thrust toward the east (see p. 612). Eruptions, mainly 
of an explosive character, continued, though with diminishing force, 
throughout Eocene and Oligocene time, ])ut the earth-shell remained 
fairly stable, enabling the atmospheric forces to reduce greatly the 
high elevations of these mountains. 

The crustal movements which attained their culmination at the 
close of the Cenozoic era, and which have been called the Cascadian 
Revolution, had their l)eginning as early as Middle Miocene time, 
when the Pacific States were again in the throes of mountain making, 
and igneous eruptions became active, with the formation of highlands 
in eastern Washington and Oregon. At the same time came the 
second period of elevation of the Coast Range of California. It 
is interesting to note here that the great San Andreas earthquake 
rift of (.'alifornia, which extends for 600 miles southeast into the 
Alohave desert, had its origin at this time. 

At the close of the Pliocene or early in the Pleistocene, the Sierra 
Nevada was elevated bodily from 5000 to 7000 feet and it is still 
going up. These mountains form a crust block 300 miles long and 
50 to 60 miles wide, greatly elevated on the eastern side, where 
there is a great fault with from 3 to 4 miles of vertical displacement. 

During the Miocene, decided folding and faulting with volcanic 
activity also occurred in the Isthmus of Tehuantepec of southern 
jMexico, in Central America, and apparently throughout the West 
Indian islands. Finally, it may be said that especially during the 
Miocene, and less in the Pliocene, the entire area of the overlaps of 
the Pacific Ocean in North America (see Fig. 376) was being elevated, 
folded, faulted and thrust into the Pacific System of mountains. 
During the later Pliocene, the entire area of the Rocky Mountains, 
and especially the plateau region of the Colorado River, were further 
vertically elevated several thousand feet. 
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Eastern North America was also elevated at this time, but how 
much is not yet determined, and the entire Mississippi valley was 
raised several hundred feet, or to its present elevation. 

The Cenozoic was a time of mountain making; in other countries 
outside of the North American continent. In South America toward 
the close of the Cretaceous the Andes had l)een elevated, folded and 
thrust eastward throuj>;hout the length of the continent (doOO 
miles), and during most of Cenozoic time an extensive peneidain 
was l)eing developed in the Central Andes. Vertical ujilift began 
in later Cenozoic time, elevating this penei)lain from 3()()() to 7000 
feet. This was in turn eroded to mature slopes and then reelevated 



Fij;. 37G. — Areas of dominant folding and uplift (oblique shading) during the Ceno- 
zoie. Horizontal shading, the fractured and down-sinking area of Eris; north¬ 
west-southeast lines, the general direction of fractures and dikes. 


in Pliocene and early Pleistocene time, so that now the deeply dis¬ 
sected erosion surface of the old peneplain stands at an average 
elevation of 12,000 feet, though locally it varies between 0000 and 
15,000 feet. This plain is the Altajdanici, the high plains of Bolivia. 
Upon it in the west rest immense lava flows and lofty volcanic cones, 
some of which attain a height of 21,000 feet above the sea. 

Eastern Greenland and the region eastward across Spitzbergen, 
Norway, Sweden and tdnland (Fennoscandia) were subject to great 
l)lock faultings and warpings, seemingh^ in late Miocene time. This 
was the time when Eris was broken through, separating Laurentis 
from Baltis (Fig. 376). Periodically, but more especially during the 
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late Eocene and Oligocene, lava (the Thulean basalts) flowed widely 
through Assures over all the lands bordering the Atlantic in the 
northeast. The foundering of the crust where the Norwegian sea 
now is, permitted the triumphant spread of the Atlantic into the 
Arctic Ocean. 

In Europe, the majestic Alps are mute evidence of the great 
unrest of the earth’s crust during the Cenozoic. The movement 
here began in the west with the Pyrenees of Spain, the Rif Mountains 
of Morocco, and the Apennines of northern Italy. Then the entire 
Alpine system of western Europe began to rise, and this deformation 
was coni[)leted early in the Lower Pliocene, when these mountains 
stood at their highest. 

The Himalayas of India, as early as the Middle Cretaceous, began 
blotting out in Asia much of the former extent of Tethys. At the 
close of the Eocene, however, all of the Tethyian area of the Plima- 
layas and Burma began to fold, giving rise to mountains of consider¬ 
able altitude in many regions, and yet not extensive enough to blot 
out the sea. During the Oligocene, Tethys, even though shallow, 
still preserved its continuity, but toward the close of the Middle 
jMiocene, the second and more marked phase of folding l^egan, 
changing it into a scries of disconnected but subsiding basins. Fi¬ 
nally, in the Pliocene, came the third and greatest upheaval, when the 
Himalayas, the loftiest mountains of the earth, were completed. 
This uplift affected the land to the north for 1400 miles into Tibet 
and ^Mongolia. 

The closing revolution of the Cenozoic era was a critical period in 
the history of the earth, and as it culminated in the Pleistocene 
glacial climate, the conditions were all the more hazardous for the 
organisms that inhabited the polar and temperate parts of the earth. 
The warmer regions of the globe were the asylums that rcpcopled the 
northern lands, but man, probably arising in Asia even before the 
Pleistocene, advanced during the Glacial Period from the savage to 
the civilized state under the influence of cooler and even cold climates. 
We are now living in a time of rugged lands, obliteration of ancient 
peneplains, cold polar climates, and marked temperature belts. 

Cenozoic Climate 

In the area of the Rocky Mountains, the climate toward the close 
of the Cretaceous was as warm as at present along the Gulf of Mexico. 
Later, the temperature was cooler, with distinct winters like those 
of the present Dismal Swamp of Virginia; and during early Eocene 
time the climate was cool and semiarid. 
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Beds of tillites ranging in thickness from 80 to 100 feet were dis¬ 
covered in 1913 at a number of localities in the San Juan Alountains 
of Colorado. These tillites unconforma])ly overlie the Cretaceous 
and are covered by Eocene tuffs, indicating a probable early Eocene 
age. It is to be expected that other areas of these tills will be found, 
in which event we may infer that the Laramide mountains were then 
widely covered by alpine and piedmont glaciers. Moreover, the 
early Eocene shales of Green River age are banded, and this strongly 
suggests seasonal deposition. Toward the close of the Eocene, 
however, the floras of even arctic lands show the return of mild 
climates, as mild as that of the present Gulf States. Along the 
Yukon then lived cycads, magnolias, firs and delicate ferns. 

It has long been recognized that during all of the Oligocene there 
were world-wide genial climates. Furthermore, up to the close of 
the Oligocene the climates of North America were moist and the 
lands lay near sea-level. With the ]\Iiocene, however, the lands in 
many parts of the world began to rise into mountains, and grachially 

the climates became cooler and 
drier. Alore or less of desert climates 
developed in the Cordilleran areas 
of North America and have pre¬ 
vailed there ever since. In the 
Miocene, parts of Eris foundered, 
separating Greenland from Norway 
and Scotland, and colder waters 
spread all along the Atlantic shores 
of North America. The climate 
continued to grow cooler, and in 
the Pleistocene occurred one of the 
two most marked glacial climates 
known to geologists, described in 
Chapter XL. 

Life of the Cenozoic 

The Mesozoic was the Age of 
Reptiles, the Cenozoic the Ag(^ of 
Mammals. The wonderful re|)til(i 
development of the Alesozoic was 
nearly all gone in the earliest Eocene, and at no time in the 
Cenozoic or since have these animals played a cons]:)icuous rok'. 
Their places were taken by the mammals, which were ])r(^seiit in 
greatest variety and number and dominated the life not only of the 



Fig. 377. — Restoration of a giant 
bird of Miocene time found in 
Patagonia (Phororhaco.s). The 
skull is as large as that of the 
largest horse. Frorn Lucas’ Ani¬ 
mals of the Past. 
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lands but of the seas and oceans as well. In the later Eocene occurred 
the first mammal adaptation to an oceanic life, in the form of whale¬ 
like animals (Zeuglodon). In the Oligocene came the sea-cows, and 


Fig. 378. — Miocene tree trunks of the Fossil Forest, Yellowstone Park, Wyoming. 
Photograph by J. P. Iddings, U. S. Geol. Surv. 

in the Miocene the true whales, seals and sea-lions. The land 
mammals are discussed in the following chapters. 

Nearly all the continents at some time during the Cenozoic had 
large ground-living ostrich-like birds. The tallest and heaviest of 
these were the moas of New Zealand, exterminated by the Maoris 




























five or six centuries ago. There were about twenty kinds, the largest 
of which, Dinornis maximus, stood 10 feet high, 2 feet above the 
largest ostrich. Another closely related but smaller form was 
M'pyornis of Madagascar, a bird that laid the largest of all known 
eggs, 9 by 13 inches. It was the finding of these eggs l^y the early 
navigators that led to the vast exaggerations which thrill the reader 
with wonder and terror in the accounts of the Hoc given by Sindbad 
the Sailor in the Arabian Nights. 

During early Eocene time there lived in Wyoming a gigantic 
running bird with only vestiges of wings, known as Diatnyma. A 
specimen of this mounted in the American Museum of Natural History 
stands nearly 7 feet high, and shows a short but massive neck sur¬ 
mounted by a head as large as that of a horse. The most powerful 
of all ground-living birds of Cenozoic time, however, was PhororhacoSj 
found in the Pampas formation of Argentina, standing 7 to 8 feet, 
with a skull 23 inches long, heavy and decidedly beaked, apparently 
the most terril)le of ])irds of prey. It was not at all related to the 
ostriches, but rather to the living herons (see Fig. 377). 

The land floras of the Cenozoic had arisen in the Cretaceous, and 
the woody trees and bushes were much like those of the present 
(Fig. 378). The grasses and cereals, originating late in the Creta¬ 
ceous, did not, however, take full possession of the open places until 
Miocene time, but with their coming began the greater evolution of 
the herbivorous animals. 















CHAPTER XXXVIir 


THE EVOLUTION OF MAMMALS AND THE RISE OF 
MENTALITY IN THE CENOZOIC 

Mammals, structurally the highest group of animals, are warm¬ 
blooded vertebrates with milk glands. These glands, which vary 
in number from one to eleven pairs, are the mammary glands or 
breasts, the structures from which the class has taken its name, for 
mamma means breast. All mammals are more or less covered with 
hair, which is as characteristic of them as feathers are of birds. 
The body cavity differs from that of all other vertebrates in that 
it is completely divided into two parts by a muscular membrane, the 
diaphragm, which separates it into a thoracic cavity containing the 
heart and lungs, and an abdominal cavity containing the remaining 
viscera. In most mammals there are two sets of teeth, the milk 
dentition or temporary teeth which eventually fall out, and the 
permanent teeth which succeed them. The heart is four-chambered 
as in the other class of warm-blooded animals, the birds, and the 
course of the blood through it is the same in both. 

The brain in mammals attains the highest degree of development 
known, reaching its greatest perfection in man. In the Mesozoic 
mammals the brain was always relatively undeveloped in comparison 
with that of modernized mammals of equivalent bulk, especially in 
the part wherein the intelligence lay, the upper brain or cerebrum. 
It was in the Eocene that the brain in most mammals began to en¬ 
large, so that here it was about one-eighth that of living forms of the 
same stocks, and this enlargement was by far the most striking in 
the upper lobes. The Cenozoic was, in fact, the time of transition 
from an ignorant world of brutes to the present Age of Reason, the 
Psychozoic era. 

Most mammals have a completely terrestrial habitat, while the 
seals, sea-lions, sea-cows, whales and porpoises, live in the oceans. 
One order of wide distribution, the bats, has developed the front 
limbs into wings, while other stocks have lateral or body membranes 
between the limbs, and spreading these, glide from tree to tree. 

The Cenozoic of North America opens with an archaic indigenous 
mammal fauna, a most curious, strange and bizarre assemblage. 
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It is plain that it is an advanced and diversified fauna, the descend¬ 
ants of Mesozoic mammals. Later appear unheralded as migrants 
the modern types, and their introduction sounds the death knell of 
the archaic forms, for one stock after another vanishes and most of 
them are gone before the close of the Oligocene. 

On earlier pages it was pointed out that the mammals originated 
in the theriodont reptiles of Africa (p. 576), and that in the Triassic 
of Europe and Virginia are found the very rare remains of the oldest 
known mammals (p. 587). These are small reptilian mammals of 
the stock known as Multituberculata. They developed from eggs 
and left as living descendants the small monotremes of Australia. 
In the later Jurassic, jaws of egg-laying mammals are more common, 
and it was about this time that some of the forms became viviparous, 
giving birth to more or less developed young. The group in which 
the young are more or less imperfectly developed are the marsu})ials 
(kangaroo of Australia), while the great horde of living and fossil 
mammals belong to the group Placentalia, the placenta being a 
special growth, partly of foetal and partly of maternal origin, in 
which the young during the period of gestation are developed to 
greater perfection. 

Archaic Mammals. — The North American late Cretaceous 
mammals were still very primitive, generalized, omnivorous or fruit¬ 
eating, dominantly placental 
and small. Already highly va¬ 
ried, in at least six orders, none 
of them were as large as a sheep, 
the limbs were short, with five 
digits each, the tails were long 
and heavy, and the brains ex¬ 
tremely small. (See Fig. 379, of 
a much later archaic mammal.) 

Eocene Mammals. — The most 
striking feature of the life of 
early Eocene time (Wasatch- 
Wind River) was the appearance in considerable numbers, both in 
western Europe and North America, of tlie progressive or modern¬ 
ized placental mammals. Where they came from is unknown, but 
it is established that there was free migration between North 
America, Europe and Asia, during early Eocene time. 

Among these Lower Eocene mammals were diminutive horse-like 
forms (Eohippus, Fig. 380), fleet-footed rliinoceroses, tapirs without 
a proboscis, the first ruminants and pig-like forms, s(iuirrel-like 



Fig. 379. — Restoration of the last of the 
arcliaie carnivores (Hyrrnodon), of Oligo¬ 
cene age. These animals were the direct 
ancestors of all later carnivores. From 
Osborn’s Age of Mammals (Macmillan). 
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rodents, carnivores, lemurs, monkeys and probably also marsupial 
opossums. It was in the main the mammalian life of a mountainous 
country, superior in foot and tooth structure to the indigenous 
archaic fauna and of a higher intelligence. In the struggle for 
existence the primitive mammals were consequently the losers. 

In the great abundance of mammals in the later Eocene there 
was no evidence of new migrants having come from Asia or Europe, 
but the fauna was dominantly that of the older Eocene with a smaller 
proportion of archaic types. The changes were largely toward 



Fig. 3S0. — The “dawn horse” (Eohippus) of the Lower Eocene. Restored from a 
skeleton in the American Museum of Natural History. From Scott’s History of 
Land Mammals (Macmillan). 


greater size, more muscular power, and the origination of new native 
foi-ms. There were many hoofed animals and all were browsers. 
This was again an upland or mountainous mammal assemblage, on 
the whole well balanced, with an equal distribution of arboreal, 
running, aquatic, burrowing, carnivorous and herbivorous types. 

Oligocene Mammals. — It was during the Oligocenc that mam¬ 
mals for the first time took on a modern aspect, for here nearly all 
were ])rogTessive forms, and we begin to get representatives also of 
still existing families. Then in this period we get our first knowl¬ 
edge of the varied mammalian life of the open plains, the grazing 
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Fig. 381. — One of the giant pigs or 
ontolo(louts {ArcJunoUicrium) of the 
Oligocenc (White River). From 
Scott’s Hiistory of Land MammaU 
(Macinilhiii) 


types, indicating that the grasses were taking possession of the open 
country. 

Early in the Oligocene took place a second and more marked 
invasion from Europe. The interchange was considerable, 3 ^et it 
was not complete and the time of migration was of short duration. 

Europe lost its liorses earl}" in the 
Oligocene, but in North America 
there was continued evolution of 
the three-toed forms. The camels 
were also better represented, and 
among them were grazers, these 
and other hoofed mammals (see Fig. 
381) being present in iKnvildering 
variety. The tapirs were not com¬ 
mon, but of rhino(;croscs there were 
many. Rodents were also com¬ 
mon, such as lieavers, scpiirrels, 
jiocket gophers, mice and hares. Among the ruminants, peccaries 
wer (5 numerous, the entelodonts of large size (see Fig. 381), and the 
oreodonts, not unlike the peccaries and wild boars in ajiiiearance and 
size, ran in great herds (see Fig. 382). Among the carnivores, small 
dogs were remarkabl^^ abundant and diversified, in fact, more so than 
ever before or since. 

Miocene Mammals. — The Miocene was the Mammalian 
Golden Age and the epocli is replete with interest because of the 
changes wrought in the faunas and in the floras by the alteration 
in climate to cooler and semiarid conditions. The later Miocene 
especially was characterized by an increase of grassy plains, and 
the mammalian teeth altered accordingly from those of tlie browsing 
type to the grinding or grazing kinds (Fig. 383). There were now 
large numbers of horses, camels, ruminants and rodents with high- 
crowned, persistently growing, grinding teeth. 

The third marked migration of mammals into North America took 
place not only during the Miocene but during the Pliocene as well, 
and the migrants came from Asia by way of the Siberia-Alaska bridge. 
The most conspicuous among ^Miocene forms were the four-tusked, 
browsing, long-faced mastodons, the short-legged rhinoceroses, the 
cats and the beavers. 

Prominent among the Miocene mammals were the horses, whicli 
roamed the plains in great herds. Gamels were also j)lentiful. 
Rliinoceroses were present in great variety. Peccaries abounded, 
and the last of the giant pigs, the entelodonts, occurred in the Lower 
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Miocene, one of them being over 6 feet tall. Oreodonts were still 
present, but on the wane (see Fig. 382). The first of the true deer 
appeared in the Lower Miocene, and in addition there were hornless 
deer and antlered deer-antelopes that were slender and graceful 
little creatures. 

Among the carnivores, the dog kinds were in great variety, some 
small, others as large as the largest bears. True cats appeared here 




382. — A ronuirkable group of three Miocene oreodonts {Prornerycochwrus carri- 
keri). A])ove are the skeletons as found in the rocks (note liow they are huddled 
togetlier, lun'ing met death in this attitude), and below, the animals restored in 
the flesh. Found ])y O. A. Peterson in Sioux C’ounty, Nebraska. Original in 
the Carnegie Museum, Pittsburgh, Pennsylvania. 

for the first time, and the sabre-tooth tigers (Fig. 390) were plentiful 
though not large. There were also weasels, martens, otters and rac¬ 
coons, but no true l)ears are known in America before the Pleistocene. 

Pliocene and Pleistocene Mammals. — Of Pliocene mammals in 
North America not much can be said, because strata of this age are 
scarce The (‘ontinent stood high and was undergoing elevation 
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in the western portion, with the result that the rivers carried into 
the sea their loads of sand and mud. 

Of mastodons there were several species; the horses, in consider¬ 
able variety, were still three-toed; llamas and the tallest of giraffe¬ 
like camels continued to live; rhinoceroses with and without horns 
were present; sabre-tooth tigers and true cats existed, some of them 
as large as the lion. 

Migration between North and South America took place very 
early in the Cenozoic, and the latter continent then for a long time 
evolved mammals peculiar to it. Pro])ably the most striking of these 
were the huge Pleistocene ground sloths and the highly armored 
giyptodonts related to the armadillos (Fig. 391) and looking like 
great land tortoises. Both of these stocks migrated into the southern 
United States and are found there in Pleistocene strata. 

Euro-Asiatic connection with North America is indicated by the 
migration of American camels into China and India during the 
Pliocene. At the same time the hollow- and twisted-horned ante¬ 
lopes came into America, along with the short-faced ])ears (ar(*to- 
tlieres), now known in Oregon, Alexico and South Ameiica. The 
true bears arrived from Asia during the Pleistocene. 

In late Pliocene time the mammals attained their (*limax of develop¬ 
ment, and this continued into the Pleistocene. Here also was the 
time of their greatest wandering, since the proboscideans, horses and 
camels were world-wide in their distribution. Then came the Ice 
Age and the ascendency of man, and one after another the magni¬ 
ficent mammals vanished. To get a picture of this climacteric late 
Pliocene mammal assemblage we must go to the tablelands of Africa, 
l)ut here too it is doomed soon to disappear through the advent of 
the white man. 





















CHAPTER XXXIX 


THE EVOLUTION OF HORSES, ELEPHANTS AND OTHER 
HOOFED MAMMALS 

The Horses 

In demonstrating the truth of evolution, the horses, above all 
organisms, are the best illustration of the working out of this doc¬ 
trine. They are the show animals of evolution, since their 
history running back through millions of years is now well known, 
and nowhere is this history so complete as in the Cenozoic formations 
of the Great Plains of the United States. 

The horse is the most useful and beautiful of man’s domesticated 
animals, and has been one of the greatest factors in his (‘ivilization. 
In the early history of man, the horse served him as food, and later 
it became his chief means of travel and his beast of burden in agri- 
cultTire and warfare. The horse is also among the most perfect and 
swiftest of organic running machines, as man loves to demonstrate 
in the race horse. As migrants into all continents, and in adapting 
themselves to varied environments — from torrid to arctic climes — 
horses have had but two equals — elephants and man. 

The horse family (Equidse, from Eqims caballus, the domestic 
horse) includes the living horses, zebras and asses. They are char¬ 
acterized by very long and slender feet, each composed of but a 
single functional toe, the third digit. The hoof is the equivalent 
of the nail or claw of the third finger or toe in other animals; horses, 
therefore, walk upon the very tip of the third finger nail. As the 
third toe in each limb supi)orts the entire horse, it is necessarily much 
larger than in animals in which the weight is distributed among 
several digits. There is, however, on each side of the functional 
digit, i.e., the cannon-bone,” a slender element known as the 
splint bone.” These are the vestiges of the second and fourth toes 
of the original five in the ancestors of horses (Fig. 383). 

The teeth of horses are as peculiar to them as are their one-toed 
feet. The molars are long, square prisms which grow up from the 
gums as fast as they wear off on the crowns. The grinding surface 
exhibits a peculiar and complicated pattern of edges of hard enamel, 
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between which are softer spaces composed of dentine and of a material 
called cement. 

Evolution (see Fi»\ 383). — The horse family has been traced back 
to near the beginning of the Cenozoic without a single important 
break. When the little four-toed dawn horses ’’ {Eohippus, Fig. 
380), no larger than a small dog, appeared in western North America 
early in the Eocene, the land stood far nearer sea-level than it does 
now, and the climate, though at first with winters, soon became warm 
and equable throughout the year. Then for a long time the seasons 
were very much alike and the climate tropical and moist enough to 
induce extensive areas of forests, at least over the Cordilleras. Over 
the Great Plains, however, the climate was drier and here were 
great grassy open plains. With the Miocene the climate became 
cooler, drier and eventually icy cold. To all of these changes in 
the environment the horses adapted themselves or migrated into 
more favorable habitats, and in so doing changed from the smaller 
many-toed forms to the larger, fewer-toed, swifter and more intelli¬ 
gent ones. 

At first the many-toed horses browsed in the forests, where they 
were an easy pre}^ to the carnivores of the time, but with the di¬ 
minishing of the forests and the appearance of the drier grassy 
plains, they spread for protection into the open plains, and here 
they developed more and more speed. With the elongation of the 
lower part of the lim])s and the development of the sprinting habit 
of getting cpiickly up on the toes, came the gradual loss, through 
disuse, of the additional toes, and an equally remarkable change in 
teeth, from the browsing to the grazing type. 

The brain of living horses is large and richly convoluted, implying 
a high intelligence, but it is not equal to that of the elephant. The 
docility of the horse and its alhlity to learn are notable. On the 
other hand, it is emotional, and its psychology is largely linked up 
with its normal mode of defense — flight. In the wild state this 
impulse toward flight is of the greatest possible aid as a means of 
survival. 

Where the horse family first originated is not known. The ^^dawn 
horses ’’ appeared at about the same time, and in the same state of 
evolution, in western Europe and North America. In Europe they 
soon died out (Eocene) but North America throughout the Cenozoic 
was their generating center. Curiously, however, even though 
horses were present throughout the Pleistocene in both North and 
South America, they had all died out at some time before the advent 
of the red men. Our present wild horses are feral, that is, had 
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domesticated ancestors, and those of Asia, Africa and Europe are 
the descendants of early Miocene horses that spread from North 
America to Siberia by way of Alaska. 


The Giant-beasts or Titanoiheres 


In the Lower Eocene, among the immigrant modernized mammals 
there appeared an odd-toed hoofed animal {EotitanopSj Fig. 384), 
smaller than a sheep and in appearance suggestive of a tapir. This 
ancestral form evolved into eleven principal branches, the deploy¬ 
ment beginning in the Middle Eocene and vanishing at the climax 
of its development in early Oligocene time. Late in the Eocene the 
group spread into Mongolia {Protitanotherium) , but apparently did 
not live there long. 



Fig. 384. — 4''itaiiotheroH. .4, fir«t stage in tiie evolution (Eotitanops of the Eocene). 

B, last known stage {Brontothcrium of the Oligocene). After Osborn. 

These titanotheres, or “ giant-beasts,’’ were very cliarac'U'ristic 
of the North American CTuiozoic, but are now completely extinct. 
Only the later forms attained the size of small elephants, but Bronlo- 
theriimi was one of the most imposing products of mammalian evolu¬ 
tion (sec Fig. 384). Why these mighty animals failed to survive is 
not known, but it may be that the drier climatic conditions of the 
Miocene and the changing of their forest habitats to open grass lands 
proved their undoing. 

The titanotheres were heavy in body, with columnar legs and 
short feet, the latter supported on tliick pads as in elephants. In 
all of them the front feet had four toes and the hind three, and in 
the older and smaller forms the toes and hoofs were more [)rominent. 
Their most characteristic single feature, however, lay in the evolu- 
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tion of the head. In the older ones the skull was small, long and 
narrow, and devoid of knobs, but in the late Eocene the animals were 
larger and had small knobs over the eyes that with time steadily 
enlarged and shifted forward, until in the early Oligocene these bony 
horns had attained great size and were situated on the nose. 

The Rhinoceroses 

The rhinoceroses are generally three-toed, and typically thick- 
skinned; as a rule, they have but little hair. They are browsers and 
grazers and live in forests, steppes and marshes. The living forms 


Fi*^. 3(Sr). — The small pair-horned rliiiioceros (Diceratherium cooki) of the Lower 
IMioceiie of Nebraska. From Scott’s History of Land Mammals (Macmillan). 




stand from 4 feet to 62 feet tall at the shoulders. The horns of 
rhinoceroses are peculiar in that they are neither hollow as in cattle, 
nor of bone, but are solid dermal growths made up of agglutinated 
hairs, and for this reason are never found fossil. 

Since Aliddle Pliocene time there have been no rhinoceroses in 
North America, and yet this continent may have been not only the 
place of their origin, but that of their most significant evolution as 
well. The origin and development of the ancestral forms in North 
America and later of the true rhinoceroses of the Old World is a very 
com])lex history, much more so than that of the liorses and titano- 
theres. Phinoceros-like mammals appeared in America early in the 
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Eocene in small, active and generalized forms {llyrachyus) that in 
the course of the Cenozoic deployed into at least eight branches. 
In Miocene and Pliocene times, these animals had their widest 
distribution, living then in all continents except Australia and South 
America (see Fig. 385). In our own continent there were at least 
four distinct types of them living in great abundance in the Upper 
Miocene and Lower Pliocene, but none of them attained the size or 
bore the great horns of the living species. 


The Elephants 

Among the niammals of the Cenozoic, there was no group more 
spectacular in its evolution and distribution than the bulky trunk- 
bearing elephant stock, and among present-day land animals they 
still lead in size, strangeness of form and bulk of brain (Fig. 386). 
Of living elephants there are, however, but two kinds, the larger, 
big-eared ones of Africa, some of which attain a weight of about 8 
tons and a height of 13 feet at the shoulders, and the somewhat less 
heavy and smaller-eared type found in India and central Asia. 

Elephant-like mammals are technically known as Proboscidea, 
the proboscis being the trunk which is tlieir most characteristic 
feature. This is in reality the greatly elongated nose, nostrils and 
upper lip, forming a very fiexi])le and powerful muscular adjunct 
to the head, and serving many purposes but used chiefly in gathering 
food and water and conveying them to the mouth far above the 
ground. 

The head of elephants is not only large, biit is pecailiar also in its 
great height as compared to its width; in other words, it is bulldog¬ 
like. The height of the skull is an adajRation to give greater muscu¬ 
lar area, and, therefore, stronger leverage for the ne(*k muscles whic'h 
support the head and trunk. The ui)per part of tlui skull is, however, 
decidedly cellular. The greater transfiguration of the proboscideans 
took place in the head and in the trunk (see Fig. 386), ])eginning in 
long-headed forms with very short trunks and progressing steadily 
into the present high type of skull with long trunk. 

In the Pleistocene, the distribution of the elephants was nearly 
world-wide and in all climates, even the very cold ones of Silxaia and 
Alaska north to the Arctic Ocean (woolly mammoth, Elephas prirni- 
genius, see Fig. 387, C). The earliest known proboscidean-like 
animals are found in the late Eocene and Oligocene of Egypt (Mann- 
therium, Fig. 386). The more primitive forms are thought to have 
been stream and lake dwellers, that is, amphibious in habit, and not 
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Fig. .386. — Evolution of the Probosoidea. On tho right, a scries of skulls with the 
flesh restored in silhouette. On the left, last lower molars. After Lull, from 
Scott’s History of Land Mammals (Macmillan). 
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until the group took to the forests and grassy plains did their dis¬ 
tribution become so general. 

Evolution. — Palceomastodon (see Fig. 386) of the Lower Oligocene 
of Egypt, the oldest undoubted proboscidean, was about the size of 
a tapir, with a narrow face and a well developed, flexible snout 
rather than a trunk. The tusks of the skull were short, compressed 
and outwardly directed; those of the jaws, while larger, pointed 
straight forward. These tusks originated in the second incisors, 
the other front teeth remaining small. All of the grinding teeth were 



Fig. 387. — Restorations of the American Pleistocene prol)oscideans. A, American 
mastodon (Mammut arriericanuni). B, imperial mammoth {ELc])}ia!i imperator). 
C, woolly mammoth {E, primigenius). After Osborn. 1), ('oliimbian mammoth 
{E. columhi). From Scott’s History of Land Mammals (Macmillan). 


in place and functioned at the same time, which is not true of the 
later proboscideans. The limbs were like those of elepliants. 

The many kinds of Pliocene and Miocene prol)oscideans were 
smaller than those of the Pleistocene. Some were two-tusked 
(Dihelodon), and others were long-faced and had four tusks (Tetra- 
lophodoUy Trilo'phodon, Go7nphotherium, Fig. 386). It is out of the 
long-faced forms that has come the fullness of proboscidean develo])- 
ment. In North America the best known form is tlie American 
mastodon {Mammut americamim, Fig. 387, A), skeletons of which are 
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found from Florida north into Alaska, from Connecticut to California, 
and from central Russia eastward throughout Siberia. 

Of true elephants there were at least a dozen extinct species. Three 
of these occurred in the Pleistocene of North America, the woolly 
mammoth and the Columbian and Imperial elephants, all of which 
were very large. Of these, the mammoth (Elephas primigenius) is 
best known, and its distribution was very wide, not only in America, 
but in Europe and Asia as well. (See Fig. 387.) 

Palceoinastodon or its descendants, the long-faced forms, crossed 
from Africa by way of a land bridge through the Mediterranean from 
Tunis, Sicily and Italy to Eurasia. This bridge was in existence in 
Oligocene time. From here the deployment was both to the west 
into Great Britain, and possibly even to North America by way of 
an early Miocene land bridge connecting America and Europe across 
the Shetland Islands, Iceland and Greenland, and eastward across 
Asia and finally by way of Siberia as far as Nome in Alaska. Finally 
in the Pliocene the elephants spread from North into South America. 
Hence the proboscideans have been world-wide travellers, equalled 
only by the horses and exceeded only by man. 

In western Europe there is excellent evidence that man was well 
acquainted with the woolly mammoth, since toward the close of the 
Pleistocene he engraved its picture on bone and ivory and painted it 
on the walls of caves (see Fig. 395). 





















CHAPTER XL 


PLEISTOCENE TIME AND THE LAST GLACIAL CLIMATE 

The Pleistocene, the final division of the Cenozoic era, and hence 
of geologic chronology, though brief as (‘oinpared with the older 
divisions, was one of the critical times in the history of the earth. 
The distinguishing feature of this time was its very extensive glacia¬ 
tion; in fact, there appear to have been a series of glaciations, for 
ice-sheets covering about 8,000,000 square miles of the earth’s surface 
existed at one time or another during the period in the temperate 
and colder regions of the two hemispheres (Fig. 388). This is all the 
more remarkable when we consider that the ice-sheets were mainly 
of the low lands, and that the climates for a very long time previous 
had been mild. All of the water of these ice-sheets had been taken 
from the oceans and precipitated as snow on the continents, the 
decrease of temperature being such that the snow-line (see p. 120) 
was lowered about 4000 feet below its present limit (Fig. 389), and 
the sea-level in the tropics lowered something like 400 feet. 

The loading of the lands with so much ice caused the crust to 
subside in the areas of the ice-sheets, while the regions immediately 
outside of the latter were apparently somewhat upwarped. The 
surface of the glaciated lands, was, therefore, more or less unsteady, 
warping up and down some hundreds of feet in consonance with the 
changes going on in the ice-fields during Pleistocene time. In 
addition, broad crustal movements unrelated to the glaciation had 
been in progress during the Pliocene and continued at intervals in 
the Pleistocene. As a result of these combinations of several causes, 
the streams and shore-lines of the glaciated areas generally show 
at the present time the marks of extreme youth — sliarj) gorges, 
drowned channels, barrier beaches and elevated strand-lines. 

The development of such immense ice-fields upon the lands and 
the attendant reduction of temperature also meant the blotting out 
of vast areas on which no life or at least but little could exist. The 
Pleistocene was, therefore, a critical time in the history of the earth, 
especially for the plant and animal life of the glaciated lands and the 
sliallow-water life of the northern and southern oceans. Tlie cold 
waters, pouring into the oceans, sank into the depths, and the con- 
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Fig. 388. — World map of Pleistocene glaciation. Carnegie Institution of Washington. 
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ditions there also became critical for the sparse life. In the shal¬ 
low waters of the warm parts of the ocean, however, there was 
almost no change in the environment, and consequently there is 
recorded here almost nothing more than the usual evolutional faunal 
alterations. 

The record of the areas where the ice-fields prevailed during this 

Great Ice Age consists in the main of a varied and most often 
a heterogeneous series of continental deposits, the Diluvium or 
Deluge material of the older philosophers, and the drift or tills of 
modern students of earth science. Characteristic of this drift are 
the included erratics, the bowlder beds known as tillites, the banded 
or varved clays or pellodites, and a striated or scoured ground. 
Soils are mostly yellowish and thin, or absent, and everywhere occur 
lakes of varying sizes occupying the ice-made basins. 

Outside of the areas of glaciation the Pleistocene strata are in 
general like other continental formations laid down under moist and 
warmer climates, but the marine record is nearly everywhere very 
scanty. 

There are wind deposits of sand and dust along the rivers and the 
shores of lakes, and in various arid areas occur accumulations of dust 
(loess); elsewhere there are sediments of rivers and lakes and the 
deposits made by springs, asphalt pools and fillings of caves and sink¬ 
holes often abounding in bones, peats and marls of marshes and ponds, 
lavas and ashes in the areas to the west of the Rocky Mountains, 
and finally the fresh-water, estuarine and marine accumulations 
along the borders of the continent. All of tliese deposits are apt to 
be thin and localized. 

The glacial clays in many places in northern North America and 
Europe are regularl}^ laminated, and De Geer of Sweden has demon¬ 
strated that this banding was due to seasonal changes. A darker 
(winter) and a lighter (summer) band are laid down each year, and 
each pair is called a varve. Counting these layers throughout 
Sweden, De Geer has determined that the ice-sheet began to leave 
the southern end of that country 12,000 years ago, and northern 
Germany about 17,000 years ago. 

The Pleistocene was followed by the Recent, or present time, but 
how long this has been going on can not yet be stated. In a general 
way, we may say that the estimates vary between 20,000 and 50,000 
years, with the probability that the smaller figure may be nearer the 
truth. As man has dominated the organic world since tlie beginning 
of the Recent, this is also known as Psychozoic time, or the Age of 
Mind. 
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General Distribution of Glaciation. — In the discussion of Pleisto¬ 
cene glaciation it should be recognized that the ice has only partly 
withdrawn, Greenland and Antarctica being still mantled with 
continental ice-sheets. It is the excess of glaciation be^mnd the 
present areas that is to be considered in the discussion of the wide 
distribution of the ice-fields of the Pleistocene. 

More than half of the glaciated area during the Pleistocene was 
in North America, and more than half the remainder in Europe. 
The glaciation was, therefore, notably localized, though its effects 
were world-wide (Fig. 388). In North America it was mainly the 
northeastern half, and the plains country rather than the mountain¬ 
ous region, that was deeply buried under the continental glaciers 
(p. 124). Alaska was in the main free of ice and the same appears 
to have been true of the Arctic archipelago. There were three 
great centers of ice accumulation and radiation in North America, 
covering together an area of about 4,000,000 scpiare miles. The 
Keewatin ice-sheet was the most extensive, covering the great medial 
flat area of the continent southward into Missouri and westward into 
the high plains to within 800 to 1000 miles of the Rocky Mountains. 
The Labradorean ice-sheet was not much smaller, and extended from 
northern Labrador south west ward for 1600 miles to the Ohio River. 
The main flow of the ice was southward toward the region of melting, 
marked by greater warmth. Newfoundland and Nova Scotia appear 
to have had independent ice-sheets, while Greenland was glaciated 
more extensively than now but not completely across Davis Strait 
so as to connect with the Labradorean mass. The Cordilleran 
ice-sheet covered all of the Cordilleran area from Alaska southward 
into Oregon, Idaho and Alontana. Farther south there were local 
alpine glaciers in the Rocky Mountains, the Coast Ranges, and the 
Sierra Nevada of California. 

How thick the Keewatin and Labradorean ice-sheets were is not 
known. It is widely held, however, that they must have been some 
thousands of feet in depth to have enabled them to flow southward 
with a descending grade across the higher irregularities. Geologists 
as a rule believe that the thickness at the centers of ice dispersion 
could not have been less than 4000 feet, and that it may have ex¬ 
ceeded this average depth. 

Alternating Cold and Warm Stages. — It is a well known fact that 
in most areas of past glaciation there occur, l)etween sheets of drift, 
beds of peat and clays with fossil leaves and wood, and sands with 
bones of many kinds of large mammals. These fossils show clearly 
alternating groups of plants and animals living in different climates; 
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one set is of northern origin and of cold habitat, while the following 
one is from the south and of mild climes. The cold climate assem¬ 
blages have among other forms reindeer, caribou, musk-oxen, moose, 
woolly mammoths (Fig. 387, C), and walrus, while those of the warm 
climates have lions, sabre-tooth tigers (Fig. 390), peccaries, tapirs, 
camels, llamas, many horses, hippopotamuses, great sloths (Fig. 
391), the Columbian and Imperial elephants (Fig. 387, /i, D), and 
the manatee or sea-cows. It is the succession of these fossils in tlie 
Pleistocene strata that has led to the discerning of alternating warm 
and cold climates, corresponding to the retreat and advance of the 
glaciers. These alterations led to very extensive migrations of 

ESTIMATED 

aUCrOATIONS m elevation of the line of 
PERPETUAL SNOW 



Fig. 389. — Diagram illustrating the probable variations of the snow-line during most 
of the Pleistocene and Recent, on the basis of a conservative time estimate stated 
in years. Drawn to scale. The succession of human events is also indicated. 
Prepared by Joseph Barrell. 


mammals from one part of the continent to another, as the conditions 
of temperature and moisture changed. During the warm inter¬ 
glacial times, southern species spread far to the north, as when 
mastodon ranged into Alaska and the sea-cow spread north to New 
Jersey. Increasing cold and the spread of glaciation brought about 
a reverse migration and drove northern and even Arctic forms far 
to the south. Musk-oxen then spread into Utah and as far soutli 
as Oklahoma, Arkansas, Missouri, Ohio and Pennsylvania; the 
northern or woolly mammoth (Fig. 387, C) lived south of the Ohio 
and Potomac rivers, and the walrus had its home along the strands 
of New Jersey. 

It has come to be generally held, therefore, that during the Pleis¬ 
tocene the temperature varied more than once between cold and 
warmer climates. During the cold times there was increase in the 
extent and thickness of the continental ice-sheets, and during the 
warmer interglacial stages the ice was melted away to a greater or 
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less degree. However, as to the number of these alternations there 
is as yet no unanimity among geologists, because of the great difficul¬ 
ties in correlating the separated areas of glacial material, all of which 
are so much alike. Some geologists recognize three, and others as 
many as six glacial stages, with from two to five interglacial warmer 
times (see Fig. 389). 

It is now widely accepted that the interglacial times were markedly 
variable in duration and that all of them were not only warmer 
than the present, but that they lasted longer, and sometimes much 
longer, than the glacial stages. In Europe one of the interglacial 
times was so warm that the lion and the hippopotamus lived with 
man in England. 

Effects of the Glaciation. — The geologic work done by glaciers 
in general is described on pages 138 to 144. Erosion by the conti¬ 
nental ice-sheets was unequal and the deposition of the drift materials 
was especially irregular in distribution. From this it follows that 
the drainage system of the land was deranged and considerably 
modified. River valleys were locally filled by the drift to depths 
ranging up to 400 feet, or partiall}^ covered over by the ice, forcing 
the drainage around its front. In fact, the drainage of the glaciated 
areas was in certain regions revolutionized. The Ohio and the 
Missouri — the master streams of the United States marginal to the 
glaciated area — were built up from previous systems, and a host of 
their tributaries within the glaciated area suffered marked changes. 

All ice-sheets push out lobes along the preexisting valleys, and 
those of the Great Ice Age were no exception to this rule. Accord¬ 
ingly, the Keewatin ice-sheet, when it finally melted and retreated 
across the area of the Great Lakes, had lobes that extended along 
the ancient valleys (see Fig. 104), scouring them deeper, and leaving 
in front, as they receded, small lakes that grew to ever greater pro¬ 
portions. The first to appear were Lake Chicago, the beginning of 
Lake Michigan; Lake Saginaw, a part of the future Lake Huron; 
and Lake Whittlesey, which was of considerably larger extent than 
its descendant. Lake Erie. At this time, certain of the present 
small rivers were large, as the St. Croix, Wisconsin, Rock and Il¬ 
linois, draining the vast melting waters of the Keewatin ice-field 
into the Mississi]:)pi River. In central New York the “ finger lakes 
were considerably larger than they are now and their waters for a 
long time drained into the Susquehanna River, and later through the 
Mohawk and Hudson rivers. Finally, when the ice had retreated 
well into Canada, all the Great Lakes were connected far more widely 
than they are now and drained out eastward through the Ottawa and 
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St. Lawrence valleys. It was this eastward drainage that originated 
Niagara Falls, which formerly began at Lewiston, New York. It 
is thought that the making of the gorge by the Niagara River 
from Lewiston to the present Falls has taken something like 10,000 
years. 

When the ice-sheets had finally retreated into Canada and across 
the St. Lawrence valley and Lake Ontario, the Atlantic Ocean found 
the glaciated lands depressed, and as a further result of the melting 
glaciers, the rising waters entered the depression and filled it at 
least 690 feet deeper than now. This was, therefore, a time of 
inland or epeiric seas, and it is certain that at some time in the 
Pleistocene Hudson Bay also appeared, since in the western part of 
the bay marine strata occur on the hillsides up to a height of ()00 feet. 
In other words, a great part of eastern North America sank under 
the enormous load of the ice-sheet, and when the latter vanished, 
the rising Atlantic flooded deeply Hudson Bay, the St. Lawrence 
and Ottawa valleys, all of Lake Ontario and Lake Champlain, and 
southward to the east of Lake George. Marine shells and the bones 
of whales and seals are found about Lake Champlain at elevations 
of up to 440 feet above the i)resent level of the water, at 520 feet 
near Montreal, and at 480 feet near Ottawa (see p. 80, under relic 
lakes ^0. 

At no time in the Pleistocene earlier than the St. Lawrence marine 
invasion just described is the continent known to have been invaded 
by the oceans to any great extent. The marine strand-line was not, 
however, a constant one during the Pleistocene, but oscillated up 
and down within some hundreds of f(?et, due to the subtraction of 
water as vapor from the oceans and the piling of it upon the con¬ 
tinents in the solid form of snow and ice. Geologists have pointed 
out that when the great ice-sheet existed on the land, the oceanic; 
level between 30° N. and 30° S. must have been depressed to a maxi¬ 
mum of not more than 420 feet in the region of the ecpiator, the 
amount of depression depending upon the mass of the continental 
ice-sheet. During the Pleistocene warm intervals, the ice of the 
lands was more or less completely melted away and the water rev 
turned to the oceans, thus raising the strand-line. When the ice 
began to accumulate on the lands, the oceanic level was depressed 
and the continents enlarged. At these times the lowered strand-lines 
everywhere began to cut more or less wide shelves or sea terraces 
into the lands, and when the waters returned it was upon these 
flooded shelves and those of the oceanic islands that the warm-water 
reef-corals began their making of the thick coral-reef limestones. 
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Causes of Glacial Climate. — As yet there is no accepted explana¬ 
tion of why the earth from time to time undergoes glacial climates, 
but it is becoming clearer that they are due rather to a combination 
of causes than to a single cause. Probably the greatest single factor 
is high altitude of the continents, with great chains of new mountains 
which disturb the general direction and constitution of the air 
currents. On the other hand, it must not be forgotten that when 
the lands are highly emergent, the formerly isolated lands are 
connected by land bridges that more or less alter the oceanic water 
circulation and therefore the local temperature. 

Another possible factor is the variation in solar energy, since all 
of the appreciable heat of the atmosphere is derived from the sun. 
It is now well known that the sun is a slightly variable star, and a 
solar change of 5 per cent, continued for six months, might well alter 
the mean temperature of inland stations 3-6° F., which would make 
the difference between an unusually hot and an unusually cold season. 
Moreover, authorities on glaciation have concluded that if the mean 
temperature of the earth were to fall 9° or 11° F. and were to remain 
thus low for a sufficient length of time, meteorological conditions 
would be so altered that a large part of North America would be 
covered with ice down to about the fortieth degree of latitude, and 
Europe would suffer a corresponding glaciation. 

Briefly, then, we may conclude that the markedly varying climates 
of the past seem to have been due in part to periodic changes in the 
sun, but mainly to alterations in the topographic form of the earth’s 
surface, plus variations in the amount of heat stored by the oceans. 
The causation for the warmer interglacial climates may lie in oscilla¬ 
tions of solar energy. 


Life of the Pleistocene 

The most interesting life of the Pleistocene is naturally the mam¬ 
malian, and even though the remains of it are very fragmentary, they 
give a fair idea of its nature. The most striking of the Pleistocene 
mammals in North America were the three species of elephants and 
the one of mastodon. The last named, Mammut americanum, 
migrated from Siberia into Alaska, and ranged over nearly all of the 
United States and southern Canada (Fig. 387, A). It was most 
abundant in the forested regions and rarer in the plains country, and 
persisted so long that the animal may have been hunted to extermina¬ 
tion by the red men. 

Of the elephants, the most interesting and widely distributed was 
the Siberian woolly mammoth (Elephas primigenius), an animal of 
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the cold climate, standing about 9 feet tall at the shoulders, and 
coining to North America by way of Alaska (Fig. 387, C). It ranged 
from the far north through British Columbia into the United States 
and across to the Atlantic Coast. The mammoth also migrated 
from Asia into Europe and was there hunted by Pleistocene man 
(Fig. 395). It died out in North America late in Pleistocene 
time. 

Closely related to the above form was the Columl^ian ele])hant 
(Elephas cohunbi), of taller stature, being 11 feet at the shoulders 



Fig. .390. — Restoration of the Pleistocene petroleum or asphalt po(jl at Rancho La 
Brea, near Los Angeles, California. The i)icturc shows the sahre-tooth tig(?r 
(Sfiiilodon californicufi) standing on the carcass of an ele]>hant {PJlcp/ias colnnihi) 
which has been trapped in the sticky as])halt, and snarling at a giant woll {('atds 
dir us). Redrawn from the frontispiece of Scott’s Ilislorij of Laud Maininals in 
the Western Hernisphere (Macmillan, 1913). 

(Fig. 387, J)). It lived during the earlier half of Ideistocene time in 
the warmer portions of North America, roaming over the whole 
United States and the high plains of Alexico. The third species was 
the huge Imperial elephant (Elephas imperator), said to have attaiiu'd 
13 feet G inches in height (Fig. 387, B). It was probably a plains 
animal that survived from Pliocene times and died out in the Aliddle 
Pleistocene. Its known range was western America from Nebraska 
to Alexico City. 
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Fig. 391. — Mammals of Pleistocene time but of the warmer southern climate. Giant sloth {Megatheriuin) and two kinds of 
glyptodonts (Glyptodon above, Dccdicurus below), from the Pleistocene (Pampean) of Argentina. After J. Smit, from 
Knipe’s Nebula to Man. 
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The horses were exceedingly numerous in the earlier Pleistocene, 
and roamed, apparently in great herds, all over IMexico and the 
United States and even into Alaska. There were at least ten species 
of EquuSj one no larger than the smallest pony, others larger than the 
heaviest modern draft-horses. They were descendants of American 
Pliocene horses, and all died out during the Pleistocene. 

Of peccaries there was an abundance, and there were also camels 
and llamas. During the times of glaciation the caribou ranged 
south into Pennsylvania and musk-oxen into Utah, Arkansas and 
Ohio. The modern moose was present in the weste]*n half of the 
continent, but the stag-moose (Cervalces scotti) was a late arrival 
during the last ice invasion. Other ruminants related to the musk-ox 
occurred earlier in the period, and of bison there were at least seven 
kinds, ranging from Floi-ida to Alaska, one species. Bison latifronSy 
with a horn spread of 6 feet. 

Among the carnivores, the most formidable was the great sabre¬ 
tooth tiger {SmilodoUj see Fig. 300), which lived over the greater 
part of the United States. Of rodents the most interesting was the 
late Pleistocene giant beaver {Castoroides ohioensis)^ as large as a 
black bear. 

The ground-sloths were represented by a large and widely spread 
form, Megalonyx, discovered and named by President Thomas 
Jefferson. The giant southern form. Megatherium. (Fig. 301), had a 
body as large as that of an elephant, though shorter in liml), while 
the oldest and smallest of the sloths was Mylodon. 



















CHAPTER XLI 


MAN’S PLACE IN NATURE 

The title of this chapter is the same as that of one of Huxley^s 
famous ])ooks, in which he states: The question of questions for 
mankind — the prol)lem which underlies all others, and is more 
deeply interesting than any other — is the ascertainment of the 
place whi(^h Man occupies in nature and of his relations to the 
universe of things/’ Some of us may not be inclined to study man 
as a part of nature, but whatever our prejudices, man’s physical 
welfare and intellectual uplift into ever higher and higher states of 
civilization are unc}uestionably bound up with the ascertaining of 
his relations to the rest of nature. Man is the paragon of animals, 
the climax of evolution ’’ (Conklin). 

Comparisons Between Man and the Other Primates. — Man seems 
to us so very different from all the animals that we can not believe 
him to be related to them at all, and prefer to regard him as standing 
isolated and alone, something quite apart from all other organisms. 
When, however, we begin to study his body and compare it, organ 
by organ, with that of other animals, we see that his isolation dis¬ 
appears, and that it is the thick veil of civilization in which he has 
so completely hidden himself that misleads us regarding his true 
position in the animal kingdom. 

Linnseus (1707-1778), the founder of systematic Zoology, in his 
classification of animals placed man at the head of the highest group 
of vertebrates, the Primates (from the Latin 'primus, first). The 
most primitive Primates are the lemurs, and the higher ones are the 
anthropoids (means man and/am), in which the brain is more highly 
developed than in any other animals. The latter division includes 
the monkeys, baboons, mandrills, macaques, gibbons, apes and man. 

Structurally, man and the other anthropoids are very similar, 
the skeletal differences being due to man’s more erect posture and 
his changed mode of living. The erect posture of man is of ancient 
origin, for it is fully developed in the oldest fossil men, and probably 
had its beginning in the gibbons of Pliocene time. It is not, however, 
so much in his posture that man differs from the other large anthro¬ 
poids as in his manner of progression. The larger apes spend the 
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major portion of their time in the trees, and their strong fore limbs 
are especially adapted for swinging from l^ranch to l)ranch. Man, 
on the other hand, is adapted to living on the ground, an adaptation 
which allowed him to escape beyond the limits of forests and occupy 
the whole world/’ This change of habitat resulted in a relative 
shortening of the fore limbs and a greater development of the legs, 
which now bore all the weight of the l)ody. Moreover, since the 
human type of leg and foot is already present in tlie oldest known 
fossil man, it is clear that this evolution also took place prior to the 
Pleistocene. The human type of leg and foot was, tlien, developed 
long before the human ])rain came to be as we see it now. The large 
brain of man appears, in fact, to be his latest accpiisition; his foot. 



Fig. 302. — Diagrams from the top and side of the l^rains of chimpanzee and ancient 
and modern man, showing in outline their relative sizes and shapes. From 
Osborn’s Men of the Old Stone Age (Scribner’s, 1915). 


leg and gait are older, his size of body older still, and his erect posture 
quite an ancient character. 

The brain of the higher vertebrates consists of two main parts, 
a lower and hinder division known as the cerebellum, and an ujiper 
part, the cerebrum, that is again divided into right and left hemi¬ 
spheres (Fig. 392). In the mammals previous to the Oligocene the 
lower brain is the larger, but beginning with this time the upper 
brain, where reason and memory are located, increases rapidly in 
size in nearly all stocks and finally is considerably greater than the 
entire cerebellum, and almost covers it. 

In man the size of the brain depends to a certain extent upon 
the bulk of the body; tall men on the average have larger brains 
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than small men. In adult men the weight of the brain varies between 
65 and 34 ounces (average 49), and in women, due to their smaller 
size, it is between 56 and 31 ounces (average 44) or about 12 per cent 
lighter than in man. 

In the smallest gorilla the brain weighs 15 ounces and in the largest 
20 ounces, while the weight of the entire body at maturity varies 
between 200 and 360 pounds. At birth the human brain weighs 
between 10 and 11 ounces, or about one-fifth its size at maturity. 
Maximum size of the brain in man is reached at about the twentieth 
year, and it then slowly loses weight into old age. 

Identical in the physical processes by which he originates — 
identical in the early stages of his formation — identical in the mode 
of his nutrition before and after birth, with the animals which lie 
immediately below him in the scale — Man, if his adult and perfect 
structure be compared with theirs, exhibits, as might be expected, 
a marvelous likeness of organization. ... A century of anatomical 
research brings us back to [Linnseus’] conclusion, that Man is a member 
of the same order as the apes (Huxley). 

Men of the Old Stone Age 

The time of the Old Stone Age is that of the later Pliocene and 
most of the Pleistocene. Everywhere the men of this time were 
fierce hunters and makers of but the crudest of stone implements. 

Implements. — In many places have been found large and small 
stones, chiefly of flint, that have nidely chipped edges and resemble 



Fig. 393. — Two primitive Paleolithic flint implements associated with Eoanthropus. 
Each shows a coarsely flaked face and a simply flaked face. After Woodward, 
from British Museum Guide. 


weapons made by primitive man. These are known as eoliths^ 
“ dawn stones. There is now no doubt about man-made eoliths 
and evidence of man-made fires occurring in the Upper Pliocene 
strata of southeastern England (Foxhall, Ipswich, Suffolk). Younger 
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eoliths, of the First Glacial time, occur at Cromer, Norfolk. These 



are older than the oldest known human bones. 

The oldest well made human implements are known as paleoliths, 
and among these the older ones are very crude in workmanship 
(Fig. 393). They arc nodules of flint, reduced to the required shape 
and size by means of oblique blows delivered to the right and left. 
For the greater part they are rude scrapers and knives. Although 
none of them appear to be weapons of the chase, their makers, the 
men of the Old Stone Age, were undoubtedly learning how to hunt 

animals for food and 
how to defend them¬ 
selves l)y their greater 
skill in the invention 
and use of improved 
killing devices. 

A human chronol¬ 
ogy based on the 
state of the stone 
(‘ult iire can not, how¬ 
ever, ])e expressive 
of a (‘orrect human 
})rogrcssion, since the 
Tasmanians when 
discovered were mak¬ 
ing Paleolithic imple¬ 
ments, while the 
North American In¬ 
dians had tools of a 
still better type (Ne¬ 
olithic), and their 
discoverers had ad¬ 
vanced into a high 

stage of civilization. Therefore, long after some of the ancient 
hunters were making paleoliths, others remained in the h]olithic 
stage. The makers of paleoliths also learned to make implenients 
and ornaments out of bone and horn. 

Java Man. — The oldest known remains of fossil man himself 
were discovered in 1S91 at Trinil, Java, together with those of many 
kinds of animals which are now extinct in that region. The geologic 
age of the fossils is somewhat uncertain, but the man of Trinil is 
thought to have lived during the first or second time of glaciation in 
Europe (earliest Pleistocene). 


Fig. 394. — Profile view of the head of Pithecanthropus, the 
Java ape-niari, after a model by J. H. McGregor. From 
Osborn’s Men of the Old Stone Age (Scribner’s, 1915). 
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The human remains consist of the upper part of the skull, or 
cranial vault, three molar teeth, and the entire left femur. Dubois, 
the discoverer, named this human being Pithecanthropus erectus, 
which means the ape-nian who walked erect (Fig. 394). The skull is of 
the long-headed type, and has a low crown with prominent brow- 
ridges, the forehead is more receding than that of the chimpanzee, 
and the volume of the brain cavity is approximately 28 ounces. 
Pithecanthropus is estimated to have stood 5 feet 6 inches high. In 
his mental evolution he had risen far higher than halfway between 
the apes and modern man, and must be included in the human 
family. He is probably not in the direct line to the higher types of 
man, but represents a specialized and unprogressive branch which 
became extinct in the Pleistocene. 

Piltdown Man. — The oldest known remains of the human family 
in Europe, the dawn man or Eoanthropus, were found in 1913 in 
the plateau gravels at Piltdown, Sussex, England. The fragments, 
which include important parts of a skull and jaw, have been carefully 
set together and the entire head restored by Smith Woodward of 
the British Museum. The lower part of the face is decidedly prog¬ 
nathous or snouty,^^ the forehead, though narrow, is not receding, 
and is as steep as in modern man, the brow-ridges are feeble, and the 
brain case is very thick, with a cavity content of nearly 43 ounces. 
The size of the brain, therefore, compares favorably with that of the 
average European, which has a content of about 49 ounces. The 
skull is low in proportion to length, and even though it is archaic, 
is truly human; but the chinless lower jaw, with its large canines, is 
distinctly simian and very much like that of a young chimpanzee. 
This strange creature, therefore, combines a human brain case with 
an ape’s jaw. It was probably able to speak, though in a rudimentary 
fashion. 

Eoanthropus was a human brute, hunting and defending himself 
mainly with his fearful biting mouth. He was still a primitive 
slayer, though keener than any of his animal associates. 

With Eoanthropus were associated very ancient types of Paleo¬ 
lithic implements (Fig. 393). The age of the plateau gravels is 
thought to be of the second interglacial warm time, when the hippo¬ 
potamus lived in England; this is about early Middle Pleistocene. 

Heidelberg Man. — In 1907, at Mauer, Germany, not far from 
Heidelberg, there was found a well preserved human jaw with all 
of the teeth. It was buried about 80 feet beneath the surface in 
river-deposited sand of early Middle Pleistocene age and possibly 
of the second interglacial warm time (Fig. 389). More recently 
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eoliths have been found in the same stratum that held the jaw. The 
teeth, while powerful, are distinctly human, but the jaw bone is 
massive and broad and clearly more like that of an anthropoid ape. 
This man, known as Paleanthropiis heidelhergensis, had no chin and 
was probably most closely related to Eoanthropiis. 

Neandertal Man. — In 1856 most interesting human remains were 
found in the little valley known as the Neandertal, lyin«- between 
Diisseldorf and Elberfeld, Germany. Since then, remains of many, 
men, women and children of this Neandertal race have ])een found 
in caves and rock shelters in Belgium, France, Gibraltar and Croatia. 
Their implements, however, are found scattered throughout western 
Europe and eastward into Poland, the Crimea and A3ia Minor. In 
France these people are known as the Mousterians, and they are 
thought to have been the first who dwelt in caves. They lived during 
the last glacial episode when the climate was cool and finally cold, a 
time estimated to be anywhere from ()(),000 to 150,000 years ago 
(Fig. 389). It was the time of the ])ison, horse, reindeer and mam¬ 
moth, on all of which the Neandertal men subsisted. The race lived 
for a long time geologically. 

The Neandertal people ( Homo primigenius) were a savage-looking 
race of stout build, averaging a])out 5 feet 3 or 4 inches, with legs 
slightly bent at the knee, and with disi)roportionately large heads. 
They made fairly good stone implements and also knew how to 
kindle a fire, for hearths occur in their cave abodes. The ])rain was 
unusually large, the average capacity of Neandertal skulls l)eing 
apparently 49 (in one it is 53) ounces. This average is, therefore, 
greater than in the Australians and about that of Europeans. 

In at least two cases the skeletons were found in their original 
burial places, and from them we learn that they were laid away with 
their implements, paints and food, indicating a ceremonial interment 
and offerings of food and implements to assist the departed in the 
spirit world. 

Men of the New Stone Age 

VVe are now to take up for study the dawn of human civilization, 
which began roughly about 18,000 B. C., in Asia Minor, Arabia and 
Persia. The Neolithic people of the city of Susa, Persia, appear to 
go back to 16,000 B. C., and the mid-sea peoples of Crete in the 
eastern Mediterranean to about 12,000 B.C. 

The New Stone Age of human development emerges in latest 
Pleistocene time and continues into historic times. The stone culture 
is improving rapidly and is called Neolithic, since the chipping of the 
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flints is of the hip;hcst excellence, and in addition, many of the weapons 
and tools are rubbed into shape and often polished. In the Neolithic 
period, next to food and clothing, the most important object to the 
men of the New Stone Age was flint. Flint mines were to them what 
iron mines are to us. 

The people of the New Stone Age began to make pottery and 
introduced the herding of cattle and communal life. Later on, 
permanent habitations in stone huts and skin wigwams, along with 
agriculture, became more general, and their pottery was made more 
and more on the potter’s wheel. Finally the metals copper, gold and 
iron were introduced. Definite migrations and warfare began also 
with these people, and manufacturing and trading as well. 

Aurignacian Man. — The oldest known Neolithic peoples {Homo 
sapiens) were at first still hunters, but had far greater skill in the 
making of stone and bone implements than did their predecessors, 
the Neandertals, whom they dispossessed. They appeared in western 
Europe at about the close of the Glacial Period, or about 17,000 B. C. 
These people, the Aurignacians, came from the east, spreading west¬ 
ward from Asia Minor, and their remains are found throughout the 
great part of western and central Europe and most of the Mediter¬ 
ranean countries. 

The Aurignacian races appeared throughout Europe at a time 
when the climate was colder than it is now. The animals of the 
chase living at that time were largely the reindeer and horse, and it 
is also spoken of as Ihe epoch of the reindeer. The Aurignacian 
implements are of the late Paleolithic type, but the workmanship of 
the flints is better and constantly improves with time, and the race 
had many more kinds of tools to serve more purposes. They also 
used bone for awls and ivory for skewers and ornaments, and made 
spears, bows and arrows, and fur garments. Themselves they 
ornamented with marine snail shells derived from the Mediterranean 
and the Atlantic, with fossil shells from far inland places, with teeth 
of mammals, and even with those of human beings, and later with 
beads, bracelets and other objects manufactured out of shell and 
ivory. 

Armed with better weapons of the chase and a wider knowledge 
of their use, the Aurignacians were able to take better advantage of 
their environment. Under these circumstances, they had more 
ease and time for reflection, and we witness in them the birth of 
bodily adornment, clothing and the fine arts. Their achievements 
along these lines excite the wonder and admiration of all anthropolo¬ 
gists. Sculpture and drawing appear almost simultaneously, and 
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later comes painting. This art we find preserved in the caves of 
France and Spain (see Fig. 395). 

Magdalenian and Later Races. — The Aurignacians were followed 
by the Solutreans and Magdalenians, whose history goes back 
perhaps 10,000 years, earlier than the most ancient monuments of 
Egypt or Chaldea. They, too, were hunters, lived in wigwams, 
and herded cattle, sheep and goats, and somewhere about this time 
farming of plants for food had its origin. 

During the later part of the New Stone Age, the climate moderated 
and became moister throughout Europe. This was the time of tlic 
Azilian peoples. With this climatic change, the reindeer, the main 
source of food and clothing for man, vanished from all of southern 
Europe and retreated farther and farther northward as the con¬ 
tinental glaciers melted away. 
Man also spread northward, 
following the reindeer, arriv¬ 
ing in Denmark about 12,()()() 
B. C., and in Sweden about 
two thousand years later. 

Man in North America. — 
Many times during the past 
fifty years have the remains 
of fossil man been found in 
such geological associations 
Fig. 395. — Painting of mammoth on cave wall aS to lead their dis(*OVerers 
at C’omharelles, France. From George Grant assert the presence of man 
MacCurdy. North America, if not 

actually in the Pleistocene, at least in strata some thousands of 
years in age. 

Mexican archeologists and geologists have long been calling 
attention to the occurrence of skeletons of man and something of his 
culture buried beneath from 15 to 30 feet of lava at San Angel, a 
southern sulmrb of the City of Mexico. These lava flows are be¬ 
lieved to have taken place not less than 2000 years ago and the lower 
one may have occurred even 10,000 years ago. To the northwest of 
the same city the identical culture is found beneath from 10 to 12 
feet of sediments. The Aztec culture, on the other hand, is modern, 
since it occurs al)ove the two lava flows and in the soil. 

In 1916, Sellards reported the finding of human remains along 
with bits of pottery and charcoal at Vero on the Atlantic coast of 
Florida. The associated plants, though of living species, appear 
to indicate that the man of Vero is but a few tens of thousands of 
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years old. The mammal bones, however, which are all of extinct 
Pleistocene forms, and presumably of a warm climate, seem to point 
to a far greater age. 

Still other evidence appears to place beyond doubt the probability 
that the mound-building Indians and the cold-climate mastodons 
and elephants lived together in North America not so very long 
ago. On the basis of the annually layered brick clays of the Hudson 
and Connecticut valleys, it would appear that this time dates back 
somewhere between 15,000 and 5000 years. 

Resume 

We have seen that the ape-man Pithecanthropus was in existence 
in the earliest Pleistocene, a time estimated by geologists to be some¬ 
where between 400,000 and 1,400,000 years ago. As the true eoliths, 
however, are of human workmanship, they are evidence of man’s 
greater anticpiity in western Europe, where he has been since late 
in Pliocene time. 

About early Middle Pleistocene time, human bones are again in 
evidence, first in Germany in Heidelberg man, thought to be in the 
direct line with living men (Homo sapiens), and secondly in the dawn 
man (Eoanthropus) of England, who is not in direct ancestry with 
the men of the present. Later than either of these ancestral men are 
the Neandertal people, who are also not directly related to Homo 
sapiens. They made their appearance probably 150,000 years ago 
and lived almost into modern times. As early as late Pliocene time, 
man in England knew how to kindle fire. The Neandertal men 
also made fires, and had a religious instinct. With the appearance 
of the Aurignacians about 20,000 years ago, modern men are at hand, 
while human society and primitive farming had their rise about 
10,000 years ago. 

Human mentality now dominates the organic world, and to it 
all creation will soon be more or less subservient. Through his 
inventions, man will eventually control his environment and largely 
nullify the laws of natural selection and survival of the fittest to 
which all other organisms are subject. His future progress, however, 
is dependent upon himself, dependent upon whether he will learn 
to control himself for the benefit of human society. 
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Casts of fossils, 477, 478* 

Cataclysms, 5, 8 

Catalytic agents in ore deposition, 417 
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concentrations, ore dej)osits, 421, 435 
denudation, 161 
deposition, 164 
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('hief Mt., Arizona, 393 
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Chonetes cornutus, 530* 
mesolohus, 55S* 
setigeruti, 540* 
verneuilianus, 558* 

Chonoliths, 318, 390 
Christiania Fiord, 225 
Chromite, 422, 423 
Chromium, 332 
Chronology, geologic, 480-484 
Chrysocolla, 435B 
Chrysolite, 447 
Chrysotile, 449 
Chuar formation, 501, 504 
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Cincinnati axis, 381 

geanticline, 306, 4()5,* 467,* 468, 518 
Cinder cones, 204, 209, 217 
Cinders, volcanic, 204 
Cirques, glacial, 139 
Citric acid, 172 
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Clay, 25, 27, 28, 29, 42, 48, 161, 172, 274, 
280, 283, 340, 342, 437, 442 
bowlder, 145, 147, 282 
descrii)tion of, 440 

effect of contact mctaniorphism on, 352 
glacial, ()46 
metamorphosed, 345 
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varved, see varves 
( iay-ironstone, 182, 350, 450 
(’larke, F. W., 162 
Cleavage cracks, 20 
in igneous rocks, 330 
in metamorphic rocks, 342-343 
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in mountains, 384 
plane of, 340, 342 
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Ciiff glaciers, 123 
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Ciimato, 479 
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Cenozoic, 625-626 
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changes in, 88, 471 
causes of, 259 
C’retaceous, 612 
Devonian, 542-543 
effect of lakes on, 80 
effect of ocean on, 92, 94 
effect of, on glaciers, 136 
effect of, on rock, 20-23, 204 
Eocene, 625-626 
glacial, causes of, 651 
inferred from limestones, 192 
Miocene, 626 
Oligocene, 626 
Pennsylvuinian, 550 
Permian, 565 
plants and, 539, 543 
Pre-Cambrian, 503-504 


Climate, regulated by oceans, 92 
Silurian, 527 
Triassic, 579 
Climatic zones, 596 
Climatius macnicoli, 541* 

Clinton limestone, 528* 
time, 526* 

Coal, 284, 350, 551,* 552, 553, 554-555, 
565, 579, 605, 622 
floras, 483, 550, 557, 568-570 
Measures, 483, 544, 550, 552 
origin of, 180 

Coast Ranges, 379, 382, 386, 599, 623 
Coastal debris, form of, 98 
plain, Atlantic, 159, 267,* 268 
Coast-lines, indented, 103 
irregularities in, 102 
submerged, 102* 

Cobalt formation, 500 
Coccosteus decipiens, 541* 

Cochliodonts, 549 
Cochliodus contortus, 549* 

Ckjckroaches, 601 
Age of, 557 

(’old, effect of, on rock, 20-23 
C’old-blooded animals, 570, 572, 575 
Cold-earth theory, of earth origin, 487- 
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Coloradic sea, 608-609 
Colorado Plateau, 265, 2()7,* 268, 269 
River, 47, 88 
Colpomya conatricta, 522* 

(’olumbia Plateau, 267,* 268, 269 
River lava fields, 221 
(’olumbian elephant, 642,* 643, 648, 652 
Columbis, 458, 465,* 468 
(’olunmar structure, in rocks, 357 
(’omanchian sea, 604, 605 
C’omponent axes, of faulting, 363 
(’oniposita subtiiita, 558* 

('ompression, and faulting, 370-372 
in orogeny, 382-386 
('ompressive forces, origin of, 393-396 
(’omstock Lode, 419 
Concentration, chemical, 421, 435 
hydrothermal, 416 
magmatic, 415 
mechanical, 421, 433-435 
residual, 421, 435 
(’oncretions, 29,* 290-293 
('one-in-crater structure, in volcanoes, 212 
(’onemaughan time, 551* 

Cones, alluvial, 64, 65* 
cinder, 204, 209, 217 
volcanic, 209 

Conglomerates, 280, 281-282, 289, 293, 
309, 392 
basal, 307* 
metamorphosed, 345 
of emergence, 309 
of submergence, 309 
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Conifers, 556,* 578, 585, 613 
Connecticut River, 45 

Valley, 370, 377-378, 578-579 
Consequent lakes, 81 
rivers, 75, 76* 

Constructive metamorphism, zone of, 339 
Contact metamorphism, 339, 340, 350- 
353, 418, 421, 431-432 
Contemporaneous ore deposits, 420, 422- 
424 

Continental deposits, 274-278, 538, 597, 
622 

glaciers, 124, 127, 136 
ice-caps, 189 
islands, 116 
rocks, 344 

shelves, 90, 91, 106, 107, 111, 112* 
slope, 112,* 113 

Continents, 265-26(), 457-459, 462*; see 
also landa 
edge of, 90 

fracturing of, 116, 344, 467,* 498, 624- 
625, 626 

mean height of, 266 
origin of, 490 

Contraction, and jointing, 355, 356-358 
Convection currents, in air, 11 
“Convulsion of Nature,” 5 
Cooling, and jointing, 356-358 
Coon Butte, Arizona, 211 
Copper, 413, 414, 423, 435B 
carbonates, 451, 452 
description of, 451 
glance, 451 
minerals, 410 
native, 412, 428, 435B 
of Bishee, Ariz., 431 
of Butte, Mont., 419, 427 
of (difton-Morenci, Ariz., 432 
of Ely, Nev., 4351) 
of Miami, Ariz., 4351) 
of Santa Rita, N. Mex., 4351) 
pyrites, 451 
C’oquina, 192 
Coral islands, 184-190 
limestone, 183 

Corals, 182, 190, 479, 483, 512,* 521, 529, 
530,* 531-533, 538, 540,* 547, 566; 
see also Hrxacoralla and Telracoralla 
reef, 183-190, 479, 520, 527, 534, 543, 

546, * 578, 583, 601, 602,* 617, 650 
Cordaites,"570 

Cordillera, North American, 374 
Cordilleran Intermontane geanticline, 
see Central Cordilleran (jeanticline 
ice-sheet, 647 
Mts., 610* 

Cordilleras, defined, 373 
Cordilleric geo.syncline, 465,* 466, 499,* 
507, 509, 510,* 516, 520, 534, 545, 

547, 551,* 581 
Corrasion, 38-41 
Corundum, 331, 332, 422 


Corythosaurus, 591* 

( bseismal lines, 248 
Cosmic dust, 115 
time, 484, 486-489 
Cotopaxi, 195, 202, 224 
Cotylosauria, 573, 575 
('oulees, 53 
(.’ountry rock, 20, 41 
('outchiching period, 484, 494 
Covellite, 435C 
Coves, 103 
Crabs, 601 
Crania, 515 
(dater Lake, 210, 212 
Creeks, 37 

(’reep, of soil and rock, 32, 118, 170 
Crepiccphaius texanus, 512* 

Cretaceous period, 482, 485,* 577, 604- 
617 

Crevasses, 133 

Crinids, 483, 521, 529, 530,* 54(),* 547, 548 
('ritical periods, 480, 617, 625, 644 
Croixian time, 510* 

Cross, W., 318 
(’ross-l)edding, 289, 290 
Oossopterygians, 571 
(’rushing, in contact nietamorphism, 350 
Crust, instability of, 455 
movements of, 464 
origin of, 490 
original, 489, 492-493 
oscillations of, 4()3 
warping of, 4()3, ()44 
Crustacea, 511, 601 
(’rustification in veins, 426 
Cryplueus jninctaliis, 540* 

Cryptolithus tea.selahiN, 522* 

( Yyptorhytis utahenfii.s, (>14* 

Cryptozodn, 504, 521 
Crystalline rocks, i>oro.sity of, 155 
(’rystallization, in igneous rocks, 324- 
328 

('tenodonta cinyulala, 522* 

Cuestas, 407,* 408 
(’uprite, 412, 435B, 451 
(’urrent-ripples, 289 
(’urrents, air, 11 

deposition l)y, 271-274 
ocean, 92-97, 114, 4()0, 651 
polar, 93,* 94 
river, 38, 40 

law of moving power of, 42 
work of, 38, 188 
tidal, 94, 105, 110 
(’uttlefish, 523 
(’yanite, 340 

(’yathocrinus midtibrachialus, 546* 
Cyathuphyllum rnyoaum, 532* 
CyathoHpongia reticulata, 522* 

C’ycads, 477,* 578, 581,* 585, 586,* 613, 
626 

Age of, 585 

Cycle.s, .sedimentary, 481 
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Cyclonema huinerosum, 522* 

Cyclones, 11 

Cypress, in swamps, 178 

Cyrtodonta huronensis, 522* 

Cyrtolites ornatus, 522* 

Cyatiphyllum vesiculosurrij 540* 

D 

Dacite, 333 

Dakota sandstone, water in, 159 
Dalrnanella testudinaria, 522* 

Daly, R. A., 318 

on coral islands, 188 
Dams, ice, 119 

natural, 79, 87, 146 
Dana, J. D., 306 

on coral reefs, 187-188 
Danube River, 45 
Daonella duhia, 584* 

Darwin, Charles, 174 

on coral reefs, 187-188, 189 
Datum plane, sea level as, 235 
Davis, W. M., 70, 369 
on coral reefs, 188 
Day, lenj^th of, 259 

“Death Gulch,’’ Yellowstone Park, 227 
Decay, of orj^anisms, 25, 171-174, 175 
Deccan lava field, India, 221 
Decomposition, organic, 476 
Deeps, oceanic, 91, 115, 241, 266 
Deer, 633 

Deformations, 241-242, 463 
and metamorphism, 336 
Degradation, 49, 71 
Deiphon forhcsi, 530* 

Deltas, 60-64, 498, 520, 535,* 536, 537,* 
538, 552 

bottomset beds in, 277 
deposits in, 276-278 
in lakes, ()3 
in seas, 63 

marine marshes of, 179 
peat in, 180 
subsiding, 278 
topset lieds in, 277, 295 
Denitrifying bacteria, 113 
Denudation, chemical, 161 
in orogeny, 399 
rate of, 47 

Deposition, by rivers, 58 
chemical, 164 
glacial, 138, 144-150 
in oceans, 105-117 
of ores, 417-419 
])laces of, 274 

Deposits, see also sediments 
abyssal, 113 

alkali, 84,* 86, 168,* 169 
basin, 276 
beach, 278 
cave, 166 

continental, 274-278 
current, 271-274 


Deposits, deep-water, 110 
delta, 276-278 
desert, 275 
diatom, 180 
eolian, 14, IS 

fresh-water, 239, 538, 597, 622 
glacial, 138, 144-150 
in springs, 165, 167, 168, 233 
iron-ore, 181 

lime, 113, 167-168, 182, 190-193, 345 
marine, 239, 278-279 
mechanical, 272 

normal order of, above unconformity, 
309 

oceanic, 105-117 
ore, 409-435 

organic, 112, 190-193, 272, 279, 439 
phosphate, 193 
river, 58, 68, 275 
sedimentary, 271-311 
siliceous, 180 
source of, 32, 272 
subaerial, 277 
terrigenous, 112, 278 
Depression, of lands, 238-241 
Depth, effect of, in metamorphism, 338 
Deserts, 11, 13, 15, 17, 21, 31, 47, 162, 
169, 172, 580 
colors of rocks in, 172 
deposits in, 275 
lakes in, 82 
salts in, 84 

Devonian period, 466, 481, 483, 485,* 
534-543 

Diabase, 332, 580 
Di agenesis, 174 
Diamonds, 332, 422 
Diaphorostoma niagarense, 530* 
Diasparaclus zenos, 574* 

Diastems, 311 
Diastrophism, 235-257 
cause of, 242-243 
sea level as datum plane in, 235 
Diatoms, 115, 180, 234, 621 
Diatryma, 628 
IHbelodon, (542 
Diceratherium cooki, 639* 

Dictyonerna crassibasale, 521* 

Diclasma bovidms, 558* 

Dikes, 213, 314-315, 318, 322,* 327, 328, 
332, 356, 357, 397 
contact zones in, 351 
Diluvium, 646 
Dinornis maximus, 628 
Dinosaurs, 482, 580, 585, 588-592, 597, 
601, 615, 617 
Diopside, 447 
Diorite, 329, 331-332, 333 
-porphyry, 329 
Dip of faults, 359 
of rocks, 299-300 
of veins, 427 
Dip-faults, 364-365 
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Dii>-joints, 350 
Dipleura dekayi, 540* 

Diplodocus, 500 
Diplograptus jwistis, 521* 

Dipnoans, 539 
Dipterus valenciennesi, 541* 
Disconforniities, 311, 500 
Disintegration ore deposits, 420, 421, 
432-435 

Dismal Swamp, 178, 180, 181* 
Disiilacement, of crust, 240 
of faults, 302, 303* 

Disseminated ore deposits, 428 
replacement ore deposits, 429 
Distrilxitaries, 00 
Disturbances, Acadian, 530 
Caledonian, 530 
Green Mts., 511 
Ouachita-Cahaba, 547 
Palisade, 580 
Taconic, 520 
Windsor, 547 

Divides, migration of, 407 
Dccdicurus, 053* 

Dogs, 032, 033 

Dolerite, 329, 331-332, 340, 447, 448 
Doiichosovia, 550* 

Dolomite, 102, 192, 283, 340, 349, 4i:i. 
437 

description of, 440 
Domatoceras militariuvi, 559* 

Domes, lava, 200, 370 
Dorypyge curlicei, 512* 

Downfaulting, 305,* 300 
Downwarping, 240, 305 
Dragon-flies, 557, 001 
Dragons of the air, 593 
Drainages, interior, 82-89 
Drift, glacial, 147, 148, 149,* 040 
Drifts, in ocean currents, 93 
Dromatherium, 587* 

Drowned rivers, 71,* 72 
valleys, 104, 239 
Drumlins, 148, 150 
Dunharia fasciipcnnis, 5()7* 

Dunes, 12, 14-17, 288, 290 
Dunite, 332, 447 
Dust, 28 
cosmic, 115 

volcanic, 19, 203, 204, 321 
Dutton, C. E., 394 
Dynamical Geology, 4, 8 
Dynanio-metamorphism, 337 

E 

Earth, age of, 47, 50, 70, 102, 484 
axis of, 259 

changes in surface of, 457-408 

crust of, see crust and lithosphere 

density of, 200 

distance of, from sun, 258 

elasticity of, 200 

energy of, from sun, 194 


Earth, interior heat of, 194, 222, 201-204, 
280 

molten, 488-489 
neighbors of, 258 
origin of, 10, 203-204, 480-489 
pressure of, 201 
rigidity of, 200 
shape of, 90, 259, 200-208 
shrinkage, 222, 223, 200, 394, 395 
structure of, 258-270, 290-311 
Eartlniuakes, 8, 243-257 
cause of, 243 
centrum of, 248 
epicenter of, 248 
exanijiles of, 248 
focal point of, 248 
geologic effects of, 257 
methods of recording, 253 
seat of shock in, 254 
submarine, 252 
tectonic, 240 
tremors of, 254 
waves of, 247, 255 
Earthworms, work of, 174 
l']chinids, 583 
Ecliinoderms, 539, 548 
Economic Geology, definition of, 4 
hklen time, 517* 

Edgewood time, 520* 

Eggs, reiitilian, 575 
lOifel, volcanic, 211 
E1 asmo 1 )ranchs, 571 
Elasrnosaui'us, 015, 010* 

Electrolytic action in ore deposition, 417 
Elements, disintegration of, 395 
Elephants, 478, 034,040-043,051,052, 003 
Elephas, 041* 

columbi, 042,* 052 
imperator, 042,* 052 
primigenius, ()4(), 042,* 043, 051 
Elevation of lands, 230-238, 240-241 
101ms, 013 
Emliayments, 405* 

Emergence, conglomerates of, 309 
of lands, 230-241 
Efidoceras, 523 

Endomorpliic effect, of contact meta¬ 
morphism, 350 
Endothyra haileyi, 540* 

Englacial material, 134 
lOnrichment of ore deiiosits, 435-435D 
Entelodonts, 032 
Environment, arid, 571-572 
changes in, 450, 471 
influence of, on organisms, 471 
land, 459 
oceanic, 400 
of fossils, 479 
sea, 401-403 
Eoanthropus, 059, 003 
Eocene period, 482, 018, 019, 020,* 021, 
022, 023, 025, 020, 027, 028, 029, 030, 
031, 037, 038, 039, 040 
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Eodiscus speciosus, 512* 

Eohippus, 030, G31,* (336,* 637 
Eoliaii deposits, 14, 18 
Eoliths, 657 
Eotitanops, 638 

Eotomaria supracingulata, 522* 

Eozoon canadense, 496 

Ep-Archeozoic interval, 496 

Epeirie seas, 111-112, 461, 462,* 509; 

see also paleogcographg 
Epein)j 2 :enic inoveineiits, 241 
Epicenter, of earthquakes, 248 
Epicontinental seas, 90 
Epidote, 440 

Epi-Proterozoic interval, 506 
Epoclis, 481 
E(iiiatorial current, 93 
K(iuida), see horses 
Eguus, 636,* 654 
caballus, 635 
Eras, 480, 482—484 

Archeozoic, 480, 484, 485,* 492-497 
Cenozoic, 480, 482, 485,* 618-628 
Mesozoic, 480, 482, 485,* 577-578 
Paleozoic, 480, 483, 485,* 507 
Proterozoic, 467,* 480, 484, 485,* 491, 
493,* 498-505 
Psychozoic, 480, 482, 629 
Eris, 538, 543, 557, 564,* 624, 626 
Erosion, 32-57 

and anticlines, 404-407 
and synclines, 404-407 
by waves, 98-102 
effect of veji:etation on, 33, 34* 
glacial, 138-140 
in arid regions, 35 
in mountains, 374 
in orogeny, 399-408 
in volcanoes, 214 
power, law of, in rivers, 40 
rate of, 4(), 47 
remnants of, 36 
Erratics, 132,* 145, 146* 

Eruptions, volcanic, 194, 197-200 
explosive, 197, 321 
(luiet, 199, 202, 209, 320 
Escarpments, 407,* 408 
Eskers, 149, 15(J* 

Estuaries, 63, 72, 103-105 

Ethmoliths, 318 

Eucalgptocrinus crassus, 530* 

Euphcnius carhonarius, 558* 

Eurypterids, 531 
Eurgptcrus rcmipcs, 531* 

Eusarcus scorpionis, 531* 

Evergreens, 585 
“Everlasting hills,” 373 
Evolution, organic, 455, 461, 469-473 
Exoggra costata, (>14* 

Exoniorphic effect, of contact metamoi 
phism, 350, 351 

Explosion pits, in volcanoes, 211 
Extrusions of magma, 389 


lOxtrusive sheets, 320, 322,* 332 
F 

Facetted bowlders, 144 
spurs, 142, 143* 

Families, 474 
Fans, alluvial, 64, 65* 

Fault-breccias, 360 
Faulting, 8, 358-372; sec also faults 
as cause of lake origin, 79 
Idock-, 377 
components of, 362 
gravitative, 371 
in Ap])alachians, 365 
in Great Basin, 3()6 
in mountains, 375-378, 384 
in Plateau region, 365 
magnitude of, 365 
topographic, results of, 367 
Fault-line scarps, 369, 370 
obsequent, 369 
resequont, 369 
Fault-lines, 248 

Faults, 244, 272,* 303, 358-372; see also 
faulting 

compression, 361 

dip-, 364-365 

dip of, 359, 364-365 

displacement of, 362, 363* 

erosion of, 370 

hanging wall of, 360 

lieave of, 363 

normal, 361, 362, 365,* 371 
obli(iue, 364 
origin of, 370 

reverse, 361, 362, 366, 367, 371 
rotary, 365 

shove of, 247,* 363, 364 
slip of, 362, 363* 
step-, 359 
strike-, 364-365 
strike of, 359, 364-365 
tension, 361 
throw of, 363 

thrust-, 366-367, 388, 389, 390-393 
I'ault-scarps, 365, 367-370, 37() 

-surface, 359-362 
-troughs, Newark, 578-579 
Faunas, extinction of, 471 
marine, first, 483 
Favosites, 532 
occidentalis, 530* 

Feathers, 629 

Feldspar, 25, 28, 161, 274, 325, 328, 329, 
330, 331, 332, 333, 340, 345, 346, 
437, 440-442 

Felsite, 205, 207, 329, 333, 343, 346, 347, 
350, 356, 449 
-magmas, 333 
-porphyry, 329, 333 
Ferns, 539, 569, 585, 613, 626 
seed-, 542 

tree-, 556,* 569, 585 




























Ferric oxide, 172 
sulphate, 435A 
Ferrous carbonate, 162, 172 
oxide, 172 

Fertilization, of plants, 569 
Figs, 612 
Fiji, 184, 344 

Finger Lakes of N. Y., in Pleistocene, 649 
Fins, 570 

Fiords, 102,* 103-105, 144 
Fire, man-made, 657 
Firn, see neve 
Firs, 626 

Fishes, 459, 460, 473, 474, 483, 531, 538, 
539, 541,* 570-572, 580, 622 
air-breathing, 534 
first, 522 

prophecy of, 456, 570 
Fissility, 283 
Fissure springs, 157, 228 
veins, 425-428 
Fissures, 163, 354, 355 
lava flows from, 320 
water in, 153 
Flats, tidal, 108 
Flies, 578, 601 
Flint, 192, 292, 442, 661 
Flood-plain scrolls, 75 
Flood-plains, 58, 148, 154* 

Floods, 43, 64, 80 

oceanic, 455, 463—464, 481; see also 
paleogcograjihy 
Floras, C'enozoic, 628 
coal, 483, 568-570 
Cretaceous, 613 
Eocene, 626 
extinction of, 471 
first, 539 

land, 483, 568-570 
Mesozoic, 577 

Pennsylvanian, 550, 556,* 557 
Primitive, Age of, 483 
Triassic, 585 
Flo wage, zone of, 415 
Flowers, 569 

Fluorine, in metamorphism, 338 
Fluorite, 452 
Fluorspar, 452 

Folded strata, erosion in, 404-407 
Folding, see also foldn 

as cause of mountains, 375 
zone of, 385* 

Folds, 296-306 
])roken, 303 
closed, 303,* 304 
inclined, 302 
isoclinal, 304 
open, 303,* 304 
overturned, 303 
recumbent, 303 
unsymmetric, 303 
Foodstuffs, in seas and oceans, 113 
Foot, horse, 636* 


Foot, human, 656 
Foot-prints, 285, 539,* 586,* 587 
-wall, of faults, 360 
of veins, 427 

Foraminifera, 115,* 190, 191, 192, 559- 
560, 604 

Forhesiocrinus wortheni, 546* 

Foreset beds, in deltas, 277, 290, 295 
Forests, effect of removal of, 34 
first, 534, 539 
hardwood, 613 
submerged, 238 

Formations, definition of, 272, 481 
lenticular, 293 
sedimentary, 271-311 
universal, 293 
water-bearing, 154 
Fort Union ])eds, 610* 

Fosse, 366 

Fossil Forest, Yellowstone Park, 627* 
Fossils, 285, 464, 474-479 

as evidence of earth upheaval, 236 
environment of, 479 
first almndance of, 507 
guide, 478 

imprints of, in concretions, 291 
in caves, 167 
in chalk, 192 

in metamorphic rocks, 335, 343 
in tuffs, 321 
permineralized, 477 
time value of, 478 
Fox Hills time, 606* 

Foyaite, 331 

Fracture lines, volcanoes on, 219 
zone of, 338 

Fractures, 354-358, 389 
depth of, 244 

Fracturing, continental, 467,* 498, 624— 
625, 626 

Franklinic geosyncline, 465,* 466, 468 
Frog, development of, 573* 

Frontal ai)rons, glacial, 149, 150 

Frost, effect of, on rock, 20-23, 118 

Fruits, 613 

Fumaroles, 226-228 

Funafuti, 187 

Fusulinids, 558,* 559-560 

G 

Gab])ro, 329, 331-332, 447, 448 
Galena, 412, 451 

argentiferous, 411, 430 
Gamache time, 517* 

Gjingamopteris flora, 5()5, 566 
Ganges River, 47, 63 
Gangue minerals, 409, 412, 413, 452 
Ganoids, 539, 541,* 571, 572, 602,* 617 
Garnet, 340, 346, 353 
description of, 442 
Gases, in earth’s interior, 223-225 
in lavas, 207 
in magmas, 201, 202 
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Gases, in metamorphism, 337 
in volcanoes, 197, 202-203 
Gastropods, 511, 512,* 521, 522,* 524, 
530,* 558,* 614* 

Geanticlines, 304-306, 381, 391, 396, 398, 
467, 468 

Ancestral Rocky Mts., 467,* 468 
Central Corclilleran, 466, 467,* 468, 
600,* 606* 

Cincinnati, 465,* 467,* 468, 518 
New Brunswick, 467,* 468, 511, 520 
Geikic, J., 387 
Gem-stones, 434 
Genera, 474 
Genesee time, 535* 

Geoj^raphy, ancient, see paleogeo{jraphy 
Geologic agencies, 8 
cycles, 399, 403-404 
history, revealed, 308 
1 ) 1 * 0 cesses, 9 
records, 3 
sciences, 3 

time, 47, 56, 70, 162, 455, 480-484 
work, rate of, 8 
Geology, definition of, 3-5 
methods of study of, 5-7 
l)rocesses of, 8-9 
Stratigraphic, 461, 596 
subdivisions of, 3-5 

Geosynclines, 304-306, 380-381, 385,* 
386, 396, 464-466, 499* 

Acadic, 465,* 466, 510,* 525, 545 
Appalachic, 465,* 466, 499,* 507, 509, 
510,* 520, 525, 534, 545 
British Columhic, 583, 597, 607, 609 
Californic, 581, 597, 605, 607, 609 
C’ordilleric, 465,* 466, 499,* 507, 509, 
510,* 516, 520, 534, 545, 547, 551,* 
581 

Franklinic, 465,* 466, 468 
Mexican, 597, 609 
Pacific, 466, 581, 583, 620* 

Rocky Mt., 466, 597, 600,* 607* 

St. Lawrencic, 465,* 466, 534, 536 
Geyserite, 227,* 229,* 233 
Geysers, 230-233 
Giant’s C’auseway, 357 
Gignntosaurus, 589 
Gilliert, G. K., 318 
Gills, 570-572 
Gingkos, 578 
Girardeau time, 526* 

Glacial amphitheaters, 139 
bowlders, 132,* 145, 146* 
ciriiues, 139 
dei)osits, 138, 144-150 
drift, 147, 148, 149* 
frontal aprons, 149, 150 
ice, 135, 136* 
lakes, 79, 81, 146, 147* 
outwash plains, 149 
l)eriod, 482 
rivers, 135 


Glacial strice, 140, 141,* 144 
till, 145, 147, 282 
troughs, submarine, 144 
valleys, 141-142 

Glaciation, 140, 482, 483, 484; see also 
glaciers 

by ice-caps, 142 
causes of, 651 
effects of, 649-650 
oldest, 484 
Permian, 564,* 565 
Pleistocene, 625, 644-651 
Proterozoic, 503* 

Glacierets, 123 
Glaciers, 104, 120-152 
advance of, 136 
Alpine, 124 

as source of water for oceans, 189, 196' 
characters of, 120-144 
cliff, 123 

continental, 124, 127, 136 

drainage by, 135 

effect of climate on, 136 

geographic distribution of, 126 

geologic work of, 138-144 

hanging, 123 

lower limit of, 124 

moraines, 125,* 133, 134-135, 137,* 
144-145, 147, 148, 150 
movement of, 122, 129-133, 136-138 
of Alps, 122,* 124, 125,* 126, 129, 137, 
138* 

of New Zealand, 124 
l)iedmont, 124, 126, 127* 
plucking by, 134, 138, 139 
recession of, 136 
reconstructed, 123 
rock-, 118, 119,* 170 
surface of, 133 
tide-water, 127 
transportation by, 138, 144 
types of, 124 
valley, 124, 125,* 135* 

Glass, 326 

-porphyry, 329 
Glauconite, 114, 609, 619 
Glen Rose time, 606* 

Glossopteris flora, 566 
Glossopteris indica, 566* 

Glyphioceras incisiim, 559* 

Glyptodon, 653* 

Gneiss, 331, 341,* 345, 346-347, 358, 389, 
495 

Gold, 44, 333, 411, 413, 414, 450, 599 
minerals, 410 
mines, 413 
native, 412 
of Alaska, 434 
of Australia, 428, 434 
of California, 427, 434 
of C’ripple C’reek, C’olo,, 410 
of Hedley, B. C., 432 
of Klondyke, 434 
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Gold, of Nova Scotia, 428 
placer mining of, 44, 434, 435 
-quartz veins, 425 
veins of California, 427 
Gomphotherium, 641,* 642 
Gondwana, 564-565, 599, 608 
Goniatites, 483, 523, 540,* 546,* 547, 
559,* 603 

Goniophora carinata, 540* 

Gophers, 632 
Gorges, 6, 51-54, 55 
Gorillas, 657 
Gossan, 435B 
Gouge, in ores, 426* 

Graben, 242, 366 
Graham’s Island, 220 
Gramm/yaia hisulcata, 540* 

Granatocrinus leda, 540* 

Grand Canyon, 52,* 53, 220, 375, 502 
Mts., 498 

Revolution, 484, 502 

Granite, 28, 155, 329, 331, 333, 346, 350, 
351, 449, 484, 494, 495, 500, 501 
core, in mountains, 389 
-porphyry, 329 
Graphite, 350, 495, 497 
Graptolites, 520 
Grasses, 613, 628, 632 
Grasshoppers, 601 
Gravel, 28, 47, 149, 273, 280 
metamorphosed, 345 
water in, 155 

Gravity, as cause of earth’s heat, 222 
Graywacke, 283 
Great Barrier Reef, 183,* 186 
Great Basin, 47, 82, 267, 268, 269 
block mountains in, 397 
fault-line scarps in, 369 
ranges, 377 

Great Ice Barrier, 128, 144, 152 
Great Iron Age, 484 
Great Lakes, 240, 649 
Great Plains, 267,* 268, 269 
Great Salt Lake, 85, 87, 101, 293 
Great Valley of California, 599 
Green Mts. Disturbance, 511 
Green muds of oceans, 114 
Green River lake, 622 
shales, 626 

Greenland ice-cap, 128, 129, 152, 647 
Greensands, 619 
Grenville series, 484, 494, 495 
Grossularito, 443 
Ground-swells, in seas, 97 
Ground-water, 153, 155, 159-169, 233, 
338, 339 

Gryphxva mucronata, 615* 

Guano, 193 
Guianis, 458 
Guide fossils, 478 
Gulches, 32, 37 
Gulf border seas, 609 
Gulf of California, 88 


Gulf of Mexico, 609, 619 
Gulf of St. Lawrence, 461, 650 
Gulf Stream, 93 
Gullies, 32, 35, 36, 37 
Gipnnotoceras russelli, 584* 

Gypsum, 161, 169, 173, 174, 284, 437, 527, 
545, 552, 561 
description of, 443 

II 

Ilalntats, organic, 479 
Ilafle, of dikes, 314 
of faults, 359 
Hair, 629 
Halite, 449 
I/aly.sitc.s, 532 
catrnu/atus, 530* 

Hamilton time, 534 
Hanging valleys, 141, 142,* 143* 
wall, of faults, 360 
of veins, 427 
Hardgrave time, 598* 

Hares, 632 

Hawaii, 116, 184, 195, 200, 220 
Headlands, 94, 103 
Heart, 629 
-urchins, 613 

Heat, effect of, on rock, 20-23 
in mctamorjihism, 337, 350 
in mines, 261 
in orogeny, 393-396 
in tunnels, 262 

of earth’s interior, 194, 222, 261-264, 
280 

Heave, of faults, 363 
Hehcrlclla mnuala, 522* 

Hedin, Sven, 17 
Heidelberg man, 659-660 
Heim, A., 394 

lldicoUrrna jdanulatoidcs, 522* 

IIeliophylluni halli, 532,* 540* 

Helium, 395 

Ilcbninthoidichnites mccki, 505* 

Hematite, 350, 412, 413, 437, 529 
(’linton, 424 
description of, 443 
Herding, 661 
Heredity, 470, 471 
Iletiperornis rcyaliH, 594,* 595, 616* 
Iletcroccras stermsorir, 614* 

Hexacorals, 533, 583, 601, 602* 

High wood Mts., Montana, 220 
Himalayas, 625 
Hipiiopotamuses, 648 
Historical Geology, 3, 5, 45;5-456 
Hogbacks, 406,* 407 
Ilobnia hrofjuc.ri, 512* 

IIoloplychiuH Jlemirifji, 541* 

Homo primi{)fmiii!-i, 648,* 660 
sapicm, 648,* 661, 663 
Hornoclines, 304 
Honeycomb corals, 532 
Ilormoloma {jracilis, 522* 
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Hornblende. 325, 329, 331, 332, 340, 342, 
346, 437 

description of, 444 
-schist, 346, 349 
Hornea, 568 
Homfels, 352 
Homstone, 442 

Horses. 630, 631,* 632, 634, 635-638, 648, 
654, 661 
in veins, 427 
Horsetown time, 606* 

Horsts, 242, 371, 386, 395. 396 
Horton series, 554 
Hot Springs, Va., 157 
Hot-earth theory, of earth origin, 488-489 
Hot-springs, 166, 226, 228-234, 416 
Hudson Bay, 461, 650 
River, 239 

Huenella texana, 512* 

Humboldt Range, 599 
glacier, 152 
Humic acid, 171 

Humid regions, 13, 31, 46, 53, 82, 87, 154, 
162, 169, 176, 276 
Humus, 29, 171, 172 
Huronian series, 484, 500, 503 
Hustedia mormoni, 558* 

Hycenodoriy 630* 

Hyattidina congesta, 530* 

Hydrochloric acid, 226 
in volcanoes, 201, 203 
Hydrofluoric acid, in volcanoes, 203 
Hydrogen, in volcanoes, 203 
sulphide, 226 
Hydro-mica-schist, 348 
Hydrosphere, 155, 489 
Hydrostatic pressure, 157 
Hydrothermal concentration, 416 
Hyolithes primordialiSt 512* 

Hypersthene, 447 
Hyrdchyus, 640 
Hyracotherium, 636* 

I 

Ice, as a geologic agent, 18, 118-152 
behavior of, under pressure, 132 
dams, 119 

floating, geological work of, 152 
glacial, veins and layers in, 135, 136* 
gliding planes in, 132 
in lakes, 119 
in soil, 118 
plateaus of, 126 
ramparts, 120 
river, 119 
seas of, 128 
specific gravity of, 151 
structure of, 130, 131 
tongues, 123 
viscosity of, 131 
work of, 18, 118-152 
Icebergs, 124, 127, 128, 151-152 
Ice-caps, 124, 127, 128, 129, 136, 144, 152 


Ice-caps, Antarctic, 128, 144, 152 
deposits of, 147-150 
Greenland, 128, 129, 152 
Ice-cliffs, 127, 128* 

Ice-fall, 133 
Iceland, 221 

Ice-sheets, continental, 189, 565, 644, 647, 
649-650 

IchthyomiSf 595, 616* 

Ichthyosaurs, 585, 601, 602,* 615, 616* 
Iddings, J. P., 318 
Igneous activity, 456, 501 
agencies, 194-234, 378 

work of, in mountains, 389—390 
ore deposits, 420, 422-423 
rocks, 312-334, 378, 389 
age of, 322 

as source of sedimentaries, 345 
characters of, 312 
classification of, 322-334 
cleavage in, 330 
composition of, 323 
crystallization in, 324-328 
extrusive, 320-322 
feldspathic, 329 
ferromagnesian, 329 
how studied, 330 
joints in, 356 
lime in, 323 
occurrences of, 313-320 
salts in, 323 

texture of, 312, 325-328 
Illecillewat glacier, 137 
Imperial elephant, 642,* 643, 648, 652 
Valley, 88 

Implements, human, 657-658 
Imprints, as fossils, 477 
India, traps in, 612 
Indian Ocean, 457, 459, 612 
Inland drainage, 82-89 
Inlets. 108, 109 
Inoceramus vanuxemi, 614* 

Insects. 483, 557, 566, 567,* 568, 578, 601 
Interglacial periods, 565, 647-649 
Interior Basin, 268 
Highlands, 267,* 269 
Low Plateaus, 267,* 269 
Plains, 267,* 269 

Intermediate continental slope, 112,* 113 
Intermontane Plateaus, 267,* 269 
Intervals, Ep-Archeozoic, 496 
Epi-Proterozoic, 506 
Lipalian, 506 

Intrusions, contact zones in, 351 
of magma, 389 
Intrusive bosses, 319, 390 

sheets, 315, 318, 322,* 327, 328, 332, 
357, 390, 397 
Invertebrates, 473 
Age of, 483 
Primitive, Age of, 484 
Iron. 328, 353, 412, 413, 414, 452, 501, 
504, 525, 529, 579 
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Iron, bacteria, 181 
carbonate, 168 
deposits, sedimentary, 416 
-making era, 498-505 
minerals, 410 
mines, 413 

of Lake Superior, 435D 
of Lorraine, France, 424 
ore, 284, 325, 332, 346, 350 
and life, 182 
bog, 182, 445 
oxides, 168, 172, 201, 280 
in igneous rocks, 323 
pyrites, 452 
“Iron hat,” 435B 
Islands, 105, 116-117 
barrier, 108 
continental, 116 
coral, 184-190 
oceanic, 116, 374 

volcanic, 116, 185, 187, 188, 189, 219, 
220, 265 

Isogeotherms, 262 

Isostasy, 239, 264-265, 380, 395 

Isotelus iowensis, 522* 

Izalco, volcano, 217 

J 

Jackfork formation, 547 
Japanese current, 93,* 94 
Jaspilite, 292, 442 
Java man, 658-659, 663 
Jetties, 64 

Joannites nevadanus, 584* 

Joggins section, 552 
Joints, 103, 354-358 
columnar, 357 
compressional, 356 
in mines, 354, 356 
in tunnels, 356 
master-, 356 
strike-, 356 
tensional, 356 
Jorullo, volcano, 216 
Judith River beds, 592 
Jupiter, 258 

Serapis temple, 237 
Jura Mts., 388, 392, 401, 405 
Jurassic period, 482, 485,* 577, 596-603 
Juvenile water, 166, 224-225, 416, 490 

K 

Karnes, 149, 150 
Kankakee axis, 465* 

Kant, nebular theory of, 486 
Kaolin, 25, 161, 274, 342, 437, 442; see 
also clay 

description of, 440 
Katamorphism, 339 
Keewatin ice-sheet, 647 
series, 484, 494, 495 
Keokuk time, 548 
Keraterpeton, 556* 


“Kettles,” 147, 149 
Keweenawan series, 484, 500, 501 
Kolauea, 200, 202, 203, 205, 225 
Killarney Mts., 498, 502, 508,* 509 
Revolution, 484, 502 
Kimmeridgian time, 598* 

Kingdoms, organic, 474 
Kingston earthquake, 249 
Klamath Mts., 599 
Kootenai formation, 605, 606* 

Krakatoa, 197, 202, 210, 243 
Kritosaurus, 591* 

L 

La Caldera, Canary Islands, 210 
Labradorean ice-sheet, 647 
Labradorite, 331, 441, 445 
Laccoliths, 315, 316-318, 322,* 328, 332, 
356, 374, 376, 390, 397 
Lagoons, 107,* 108, 185, 186, 188, 189, 190 
Lake Bonneville, 87, 88* 

Chicago, 649 
Drummond, 178 
Lahontan, 88 
Saginaw, 649 
Superior geosyncline, 305 
iron ores, 435D 
Temiskaming, 240 
terraces, 87,* 88 
Whittlesey, 649 
Lakes, 60, 71)-89, 108, 109 
alkaline, 86, 169 
consequent, 81 
deltas in, 63 
duration of, 80 
effect of, on climate, 80 
filling of, by peat, 176, 177* 
glacial, 79, 81, 146, 147* 
ice in, 119 
in arid regions, 82 
in calderas, 211 
in humid regions, 82 
lava, 200, 202 
origin of, 79 
relic, 80, 87 
rock-basin, 146 
salt, 83,* 84-89, 169 
sedimentation in, 80 
temporary, 82* 
tides in, 96 
tilting of, 240 

Lamellibranchs, 522,* 524, 540* 

Laminaj, 272 

Lamination, oblique, see cross-hcdding 

Lancelets, 456, 570 

Land animals, 531, 557, 566 

bridges, 606,* 621, 622, 632, 634, 651 
environments, 459 
floras, first, 483 
hemi.sphere, 457 
life, coming of, 568-576 
plants, 113, 483, 511, 521, 531, 542,* 
557, 568-570, 597 
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Land animals, waste, 32, 272 

annual removal of, by rivers, 1G2 
Lands; see also continents 
as positive elements, 243 
mean height of, 2GG 
nuclear, 387, 458-459 
upheaval of, 23G-241 
wari)ing of, 240 
Landslides, 118, 1G9, 257 
Lapilli, volcanic, 204, 208, 200, 321 
Laplace, nebular theory of, 48G-487 
Laramide Mountain system, 373, Gll,* 
G23, G2G 

Revolution, 398, 482, 484, 495, Gll- 
()12, G23 

Lassen’s Peak, volcano, 217 
Lateral pressure, in orogeny, 382 
Latomceandra seriata, G02* 

Laurentian granites, 484, 494, 495, 501 
Plateau, 2G7,* 2G8 
Revolution, 484, 495 
Laurentis, 538, G24 

Lava, 194, 201, 204-209, 213-214, 314, 
347, 501, 527, 578, 580, 583, 599, G05, 
G22, ()24 
aa, 205, 20G* 
andesite, 202 
basalt, see basalt 
cones, 209 

crystallization of, 208 
domes, 20G, 37G 
felsite, see felsite 
fields, of British Isles, 221 
of northwestern U. 8., 221 
flows, 320, 328, 332, 351, 357, 390 
sul)marine, 320 
gases in, 207 
glass-like, 208 
lakes, 200, 202 
pahoehoe, 205, 20G* 
plateaus, 221 
rate of flow of, 205 
Lead, 333, 412, 413, 414, 450 
carl)onate, 451 
description of, 451 
minerals, 410 

of C’oeur d’Alene district, Idaho, 430 
of Leadville, ('olo., 430 
of Mississippi Valley, 41G, 428 
of Wisconsin, 428 
sulphate, 451 
sulphide, 451 
LeC’onte, J., 38G, 403 
Lcda hcllistriata, 558* 

Lemurs, 473, G31, G55 
Leptcena rhomhoidalis, 522* 

Levees, artificial, G4 
natural, 59 

Levelling agencies, 153 
Life, Archeozoic, 49G-497 
Cambrian, 511-515 
Cenozoic, G2G-G28 
Chami)lainian, 520-524 


Life, communal, GGl 
(’retaceous, G13-G17 
destruction of, by tsunamis, 252 
Devonian, 538-543 
elements in, 113 
Eocene, G30-G31 
evolution of, 45G 
geologic work of, 171-193 
in waters, 113 
Jurassic, G()l-G03 
land, 5G8-57G 
Larval, Age of, 484 
marine, 473 
Mississippian, 547-549 
Oligocene, G31-G32 
Pennsylvanian, 557-5G0 
Permian, 5GG-5G7 
Pleistocene, G51-G54 
primordial, 497 
Proterozoic, 504-505 
Silurian, 529-533 
succession of, 471-473 
tree of, 475* 

Triassic, 583-587 
Lignite, 284, G19 
Liinacoditcs vicsnzoicns, GOl* 

Lime, 201 

deposits, 113, 190-193 
metamori^hosed, 345 
in igneous rocks, 323 
Limestone, 25, 1G2, 191, 280, 281, 283- 
284, 293, 349, 355 
as climatic indicator, 192 
caverns in, 1G4 
coral, 183 

effect of contact metamoridiism on, 352 
-making, Cham])lainiiin, 51G 
metamorphosed, 345 
shell, 190, 192 
Limnoscelis, 575 
paludis^ 574* 

Limoiiite, 172, 181, 182, 284, 350, 412, 
413, 437 

description of, 445 
Lingida, 515 

Lingulepis acinnmata, 512* 

Lions, G48 

Lipalian interval, 5()G 
Liquids, in metamorphisni, 337, 350 
Lithodomus, 23G 
Lithophysa), 334 
Lithosphere, 222-22G, 2G9 
block movements in, 241 
chief minerals of, 437 
density of, 2G0 
displacements in, 24G 
fracturing of, 354-372 
movements in, 235-257, 33G, 373-408 
negative, 187, 188, 238-243, 244, 380 
positive, 23G-238, 240-241, 242, 243, 
38G, 395, 39G 

negative elements in, 187, 242, 388 
origin of, 490 
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Lithosphere, rigidity of, 2G0 
thickness of, 250 
zones in, 338 
zones of weakness in, 251 
Little Rocky Mts., Montana, 397 
Littoral region, 111 
Llamas, 034, 048, 054 
Llanoris, 405,* 408, 547, 552, 553 
Loam, 29 

Loam, porosity of, 155 
Lolisters, 500, 583, 001 
Lockport time, 520,* 528* 

Locusts, 001 
Lode ore deposits, 420 
Loess, 12, 17-19, 272, 040 
fossils in, 18 
in ('hina, 18, 19 
Logan sea, 597, 598* 

Loijoliths, 318 
Lorraine time, 517* 

“Lost interval,” 308 
“Lost mountains of Wisconsin,” 502 
Lower California Province, 207,* 209 
Lower Cretaceous time, 004-008 
Loxomina, 550* 

Lung-fishes, 483, 539, 541,* 572 
Lungs, evolution of, 571-572, 575 
Luray Ckivern, Va., 104 
Lycopods, 539, 542,* 509 

M 

Maars, 211 
Macaciues, 055 
McConnell, R. G., 380 
Macrotceniopteris viagnifoUa, 585* 
Madison limestone, 545 
Magdalenian man, 002 
Magmas, 200-202, 212, 214, 312-334, 350, 
351, 389, 390, 397, 489, 490, 599 
cause of ascension of, 225-220 
composition of, 201 
cooling of, 324 
gases in, 201, 202 
in metamorphism, 337 
intrusive, 215 
origin of, 223-224 

relation of, to volcanic eruptions, 202 
source of heat of, 222 
Magmatic concentration, 415 
differentiation, 422 
water, 224-225, 228, 410 
Magnesia, 201, 283, 323, 328, 349 
Magnesium carbonate, 40, 102 
chloride, 91 
silicates, 349 
sulphate, 91, 109 

Magnetite, 325, 350, 412, 423, 437 
description of, 445 
of Sweden, 423 
Magnolias, 013, 020 
Maidenhair trees, 578 
Malachite, 412, 435H, 451 
Malaspina glacier, 120, 127* 


Mammals, 459, 400, 474, 482 
Age of, 482, 020 

archaic, 482, 597, 017, 029, 030, 031 

egg-laying, 570, 577, 030 

Eocene, 030-031 

evolution of, 029-034 

flying, 029 

marine, 027 

migrations of, 030-034, 043 
Mioi^ene, 032-033 
modern, 030-()34 
Oligocene, 031-032 
]ilacental, 473 
Pleistocene, 034 
PlioceiK', 033-034 
reptilian, 473, 577, 587, 030 
Mammoth, (ilO, (>42,* 043, 048, 1)51, 002* 
Mammoth (’ave, 104 
Mammoth llotsiirings, 105,* 100 
amcricanum, 042, 051 
Man, 459, 473, 482, 055-003 
Age of, 482 

as a geologic jigent, 174 
in North America, 002 
Manatee, 048 
Mandrills, 055 
Mangroves, in marshes, 179 
yfanticoccraa oxy, 540* 

Maples, 013 

Marble, 280, 335, 340, 345, 310, 349-350, 
352 

Marble Falls time, 551* 

Marl, 29, 019 
Marsh gas, 175 
Marshes, 82 

salt, 108, 178-179 
tidal, 104,* 105 
Marsiijiials, 030 
Martens, 033 

Mashing, in metamoriihism, 337, 350 
Master joints, 350 
streams, 70, 77, 404 

Mastodon, 032, 034, 041,* 042, 048, 051, 
003 

Matterhorn, 393 
Mauch C'hunk formation, 545 
Mauna Loa, 200, 205, 209, 225 
Meanders, 04, 05,* 00,* 74, 75 
Mechanical concentrations in ore de¬ 
posits, 421, 433-435 
Mediterranean, 459 
land bridge, 043 
Mediterraneans, 112, 459 
Meekoceras time, 582* 

Meekoceraa gracUitatiH, 584* 

Mcgalonyx, 054 
Megatherium, 053,* 054 
Melon-urchins, 548 
Meloncchinus, 548 
jmdtiporuK, 540* 

Mentiility, human, 003 
Mercury, 419 
Mesas, 30 
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Mesohippus, 030* 

Mcaotiaurus, 5()7 

Mesozoic cm, 4S(), 482, 485,* 577-578 
Messina earthquake, 249 
Metallic carbonates, 437 
chlorides, 437 
content of ore, 414, 415 
oxides, 437 
silicates, 437 
sulphates, 437 

Metallurgy, bej»:inninK of, 001 
relation of, to ore, 410 
Metals, 409-435 

combinations of, 411 
table of, 410 
concentration of, 415 
native, 411 

solution of, in oxidized zone, 435A 
source of, 415 
transportation of, 415 
Metamorphic rocks, 335-353 
a^e of, 344 
bandinj>: in, 341* 
classification r)f, 345-350 
cleavage in, 342-343 
igneous, 345, 34() 
in mountains, 344 
joints in, 358 
minerals of, 340 
places of occurrence of, 344 
texture of, 340-342 
Metamorphism, 335-353, 389 
agencies in, 330 
constructive, zone of, 339 
contact, 339, 340, 350-353 
of ores, 421, 431-432 
definition of, 335 
dynamic, 337 
gases in, 337 
heat in, 337, 350 
hydrothermal, 349 
regional, 339 
shearing in, 337 
solutions in, 337 
water in, 337 

Metamori)hosed ore deposits, 422, 4351) 
Meteoric waters, 410 
Meteorites, 9, 11, 211, 259, 201 
Meteorology, definition of, 4 
MctopoUcJian hrevic(’])H, 530* 

Mexican sea and geosyncline, 597, 609 
Mexico, Chilf of, 009, 019 
man in, 002 

Mica, 325, 328, 331, 332, 333, 340, 342 
340, 347, 348, 437, 440 
-schist, 340, 347 
Mice, 032 

Microcomydon, 587* 

Microsaurs, 550,* 573 
Midway time, 020* 

Migrations, of mammals, 030-034, 043 
Mineral springs, 157 
Mineralization, 153 


Mineralogy, definition of, 4 
Minerals, 324-325, 350, 351, 437-452 
carbonate, 410 
cleavage of, 438 
copper, 410 
crystal-form of, 438 
ferromagnesian, 325, 329 
gangue, 409, 412, 413, 452 
gold, 410 
hardness of, 438 
“high-temperature,” 419 
iron, 410 
lead, 410 
native, 410 

of metamorphic ro<*ks, 340 
ore, 409 435, 450-451 
definition of, 409, 410 
oxide, 410 

physical properties of, 438 
rock-, description of, 438-452 
silicate, 410 
streak of, 438 
sulphate, 410 
sulphide, 410 
Mines, gold, 413 
heat in, 201 
iron, 413 

joints in, 354, 350 
water in, 154, 155 
Mining ore deposits, 409-435 
placer, 44, 433-435 

Miocene period, 482, 018, 019, 020,* 021, 
022, 023, 025, 020, 027, 028, 032, 033, 
037, 040, 042, 043 

Mississippi Basin, rate of rock removal 
in, 47 

size of plain of, 5 
River, 40, 000,* 010* 
delta of, 02,* 63 
sediment carried by, 45 
Mississipi)ian i)eriod, 483, 485,* 544-549 
Moas, 027 

Mcerithcrium., 040, 041* 

Mofets, 227 

Mohawkian emergence, 518 
Molds, as fossils, 477, 478* 

Moles, work of, 174 
Molluscs, 190, 524, 500 
Monadnocks, 71, 402 
Mongolia, 025 
Monkeys, 473, 031, 055 
Monoclines, 304, 300* 

MonomcrcUa novchoracAim, 530* 
Monotremes, 030 
Mont Pelee, 198, 202, 207, 243 
Monte Somnui, 199, 212 
Monteregian hills, 530 
Moon, 10, 94, 212 
Moose, 048, 054 

Moraines, 125,* 133, 134-135, 137,* 144- 
145, 147, 150 
recessional, 148 
Morrison time, 597, 598* 
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Morrow time, 551* 

Mosasaurs, G15, 017* 

Moss, bog-, 177 
sphagnum, 177 
Moimd-l)iiilders, 603 
Mt. Adams, 195 
Baker, 105 

Etna, 197, 203, 210, 216 
Hood, 195, 210 
Mazama, 211 
Rainier, 195, 210 
Royal, 530 
Shasta, 195, 210, 227 
Mountain ranges, 330, 373, 378-3S2 
folded, 378-382 
systems, 373 

Mountain-making, see orogeny 
Mountains, 200; see also orogeny 
and isostasy, 205 
block, 375, 390-31)8 
Camlirian, 508,* 509 
Cenozoic, 023-025 
Champlainian, 519,* 520 
complex, 378, 389-393 
Cretaceous, 010,* 011-012 
definition of, 373 
Devonian, 530-538 
domed, 374 
due to extrusions, 374 
duo to intrusions, 374 
erosion of, 54, 399-408 
folded, 375, 370, 378-382 
granite core in, 389 
grouping of, 373 
history of, 379-404 

orogenic period, 379, 382-399 
post-orogenic jicriod, 399-408 
pre-orogenic jicriod, 379-382, 385* 
Jurassic, 599, 000* 
mature, 401, 403 
metamorphic rocks in, 344 
Mississippian, 547 
of erosion, 54, 374 
old, 401, 403 
origin of, 374-378, 398 
Pennsylvanian, 550, 553-554 
Permian, 502,* 503-504 
rejuvenated, 403 
roots of, 403 
structure of, 373-408 
Triassic, 580 
youthful, 401, 403 
Mousterian race, 600 
Muck, 29 

Mud bottoms, organisms on, 479 
geysers, 230 
volcanoes, 229,* 230 
Mud-cracks, 280, 287, 358 
“Mud-pots,” in springs, 230 
Mud-puppy, 574* 

Muds, 28, 112, 274, 280, 283, 342 
blue, 114 

liquid, on volcanoes, 214 


Muds, oceanic, 114 

Muir Glacier, 127, 128,* 138 

Multituberr*ulates, 030 

Murray, John, on coral islands, 188, 189 

Muscovite, 440 

Musk-oxen, 048, 054 

Myalina .snhquculrata, 558* 

Mylodon, 054 
Myriapods, 531 
Myatriotiuchus, 581 

N 

Native copper, 412, 428, 435B 
gold, 412 
minerals, 410, 411 
silver, 412, 435(’ 

Natural bridges, 103* 
dams, 79, 87, 140 
gas, 555 
selection, 470 

Nature, prodigality of, 470-471 
Nautilids, 523, 539, 547, 559* 

Neandertal man, 000, 003 
Nebula, Orion, 488* 
solar, 487 
spiral, 487 

Nebular hyiiothesis, 203, 480-487 
Necks, volcanic, 215, 318, 319, 322,* 328, 
332, 358, 374, 530 
Neclurufi niaculatus, 574* 

Negative elements, in lithosphere, 187, 
242, 388, 457 

movements, of lithosphere, 187, 188, 
238-243, 244, 380 
Nelson’s volcano, 518 
Neolithic iieriod, 058, 000-003 
Neiihelite, 325, 331 
-syenite, 331, 333 
Nevadian Disturbance, 599 
Neve, 121 

New Brunswick geanticline, 407,* 408, 
511, 520 

Caledonia, 184, 185, 344 
England Province, 207,* 208 
Madrid, Mo., subsid(‘nco, 240, 244 
Scotland time, 535* 

Stone Age, men of, 000-003 
Zealand, 117, 124 
Newark Series, 578-580 
Newfoundland ice-sheet, 047 
Niagara Falls, 55-5(), 527, 528,* 019-050 
Niagaran epoch, 525 
Nickel, 332, 422, 423 
of Norway, 423 
of Sudlniry, Ont., 423 
Nile delta, 00,* 03 

River, sediment carried by, 45 
Nitrogen, in atmosphere, 9, 491 
in life, 113 
in jilants, 175 
in volcanoes, 203 
Nonconformities, 311 
Norian time, 582* 
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North America, changes in topography 
of, 464-468 

character of, 268 

floods in, 463; see also paleogeo- 
graphy 

height of, above sea, 47 
nucleus of, 495 
Sea, 461 

Norwegian sea, 625 
Nova Scotia ice-sheet, 647 
Novaculite, 292, 442 
Novascotis, 465* 

Nuclear lands, 458-459 
N ucleospira, 514* 

Nuggets, 434 
Nullipores, 184, 191 
Nuiiataks, 128 

O 

Oaks, 613 

Obsidian, 208, 329, 333-334 
Cdiff, 209 

Oceanic basins, 457 
islands, 116, 374 
level, rise of, 188 
Oceans, 459-4()0, 462* 
abysses in, 112,* 114-116 
as environments, 460 
basins, 113 
bottom of, 91, 115 
constructive work of, 105-117 
currents, 92-97, 114, 460, 651 
deposits in, 105-117 
depth of, 90, 91, 115, 241, 266 
destructive work of, 97-105 
erosion by, 97 

extraction of water for glaciers, 189 
floodings by, 455, 461-464, 481, 525; 

see also paleogeography 
functions of, 92 
general characters of, 90 
increase of, 236 
level of, 463 
muds, 114 

negative elements, 243 
oozes, 115 
origin of, 490 
permanence of, 116 
plant life in, 113, 114 
red clays, 115, 116 
regulator of climate, 92 
salts in, 91 

submergence by, 106, 308-309 
subsiding areas, 187, 188, 243 
temperature of, in abyss, 115 
water, chemical composition of, 91 
work of, 90-117 
zones, diagram of, 112 
Ocher, 172, 446 
Ocoee Mts., 508,* 509 
Octopus, 523 

Odonlocephalus selenurus, 540* 

Oil, see petroleuin 


“Old Faithful” geyser, 231,* 232 
Old Red Sandstone, 538 
Stone Age, men of, 657-660 
Olenellus ihompsoni, 512* 

Oligocene period, 482, 618, 619, 620,* 621, 
623, 625, 626, 627, 630, 631, 632, 638, 
640, 642, 643 

Olivine, 325, 332, 349, 447 
Oneonta formation, 538 
Onondaga time, 535* 

Ontaric-Sonoric geosyncline, 499* 
Onychocrinus ramulosus, 546* 

Onyx, 167 
Oolites, 293 
Oozes, 115 

Ophiacodon minis, 574* 

Opossums, 631 
Orders, 474 

Ordovician, 483, 485;* see also Cham- 
plainian 

Ore, black-band, 450 
chambers of, 427 
constitution of, 413 
definition of, 409, 410 
deposition, 417-419 
magmatic, of Adirondacks, 423 
metallic content of, 414, 415 
minerals, 409-435 
shoots, 426 
tenor of, 414 
Ore deposits, 409-435 
bed-rock, 420 

cavity fillings, 420, 424—428 
classification of, 419-422 
table of, 421 

contact-metamorphic, 418, 421, 431- 
432 

contemporaneous, 420, 422-424 
disintegration, 420, 421, 432-435 
disseminated, 428, 429 
enrichment of, 435-435D 
fissure veins, 425-428 
igneous, 420, 422-423 
mechanical concentrations, 421, 433- 
435 

metamorphosed, 422, 435D 

of high temperature and pressure, 418 

of Leadville, Oolo., 430 

of moderate depth, 418, 419 

of shallow depth, 418, 419 

origin of, 415-419 

oxidized zone of, 435, 435A, 4351^ 

physical conditions affecting, 417, 418 

placer, 420, 421, 433-435 

primary, 420 

replacement, 421, 428-431 
residual concentrations, 421, 435 
vsecondary, 420, 421, 432-435 
sedimentary, 420, 423-424 
subseciuent, 420, 424-432 
surface alteration of, 416, 435-435D 
Orcodonts, 632, 633 
Organic decay, 25, 171-174, 175 
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Organic decay, deposits, 112, 190-193, 
272, 279, 439 

evolution, 455, 461, 469-473 
Organisms, decomposition of, 476 
geologic work of, 171-193 
constructive, 175-193 
destructive, 171-174 
habitats of, 479 
Organpipe corals, 532 
Orion, 488* 

Ornithopods, 590-591 
Orogeny, 241, 336, 373-408; see also 
mountains 
experimental, 383 
forces of, 382-388 
heat in, 393-396 
Orthis Iricenaria, 522* 

Orthoceras, 523 

muliicameratum, 522* 

Orthoclase, 25, 325, 441, 442 
Orthonota undulata, 540* 

Osteolepis macrolepidotus, 541* 
Ostracoderms, 539, 541,* 570 
Ostrea larva, 614* 
lugubris, 614* 

Otters, 633 
Ouachita Mts., 563 
Province, 267,* 2()9 
Ouachita-Cahaba disturbance, 547 
Ouachitic embayment, 465* 

Outcrops, 297-299 
Outwash plains, glacial, 149 
Overfolds, 387, 392 
Overlaps, 294, 309 
Owenella anliquata, 512* 

Ox-bows, 66 

Oxidation process in ore deposits, 435B 
Oxide minerals, 410, 411, 450-451 
Oxides, hydrated, 340, 437 
in igneous rocks, 323 
in magmas, 323 
in sedimentaries, 437 
metallic, 437 

Oxidized zone of ore deposits, 435, 435A, 
435B 

Oxygen, 160, 491, 500 
in atmosphere, 9 
in life, 113, 175 
in sea water, 92 
work of, in weathering, 25 
Oysters, 478, 613, 614,* 615* 

Ozark Plateaus, 267,* 269 
Ozarkian, 483, 510* 

P 

Pachydiscus seppenradensis, 603 
Pacific Border Province, 267,* 269 
geosynclinc, 466, 581, 583, 620* 
Mountain System, 267,* 268, 269, 599, 
600,* 610,* 623 
Ocean, 186, 457, 459 
subsidence of, 187, 188 
Pahoehoe lavas, 205, 206* 


“Paint-pots,” in springs, 230 
Palccomastodon, 641,* 642, 643 
Palcoopltoniis hunteri, 531* 
nuncius, 531* 

Palcanthropus heidelbergensis, 659-660 
Paleogcography, 5 
C’ambrian, 507-511 
Cenozoic, 619-622 
Champlainian, 516-520 
C'retaceous, 604-605, 606,* 608-609, 
610* 

Devonian, 534-536, 537* 

Jurassic, 596-597, 598,* 600* 

M ississiiiI)ian, 544-547 
Pennsylvanian, 550-554 
Permian, 551,* 561-563, 564* 

Silurian, 525, 526* 

Triassic, 578-583 
Paleoliths, 658 
Paleontology, 4, 5, 474-479 
Paleopliysiograpliy, ('ambrian, 508* 

(’hamiilainian, 519* 

Cretaceous, 610* 

Devonian, 537* 

Jurassic, (iOO* 

Permian, 562* 

Paleozoic Alps of Pairoiie, 553, 554* 
era, 480, 483, 485,* 507 
Palisade Disturbance, 580 
Mts., 580 
Palms, 612 

Panama land bridge, 606,* 634 
Paradoxidcs harlani, 512* 

“Parasitic” cones, in volcanoes, 210 
Patcrina bella, 512* 

Pearly nautilus, 523, 603 
Pearyis borderland, 465,* 468 
Peat, 82, 175-180, 554 
amount of, in U. S,, 180 
bogs, human remains in, 180 
filling of lakes by, 176, 177* 
in deltas, 180 
proiierties of, 179 
relation of, to coal, 180 
uses of, 179 

Pebbles, 40, 48, 273, 281, 282 
in glacial deposits, 145, 149 
Peccaries, 632, 648, 654 
Pegmatites, 328 
Pelecypods, see lamcllibranchs 
Pellodites, 646 
I^eneplains, 70-71, 402-403 
Canadian, 496 
marine, 102 
upraised, 72, 76 

Pennsylvania, folded strata in, 386 
Pennsylvanian jieriod, 483, 485,* 550-560 
Pentamerus oblongus, 530* 

Pentremites, 548 
conoideus, 546* 
elongatus, 546* 

Pimtrnnitidva fdosa, 540* 

Perched blocks, 146 
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Peridotite, 329, 332, 349, 447 
porphyry, 330 
Periodicity, 4G3-464, 471 
Periods, 463, 481, 482-483 
Permian period, 483, 485,* 501-507 
Petrifaction, 477 
Petrified Forest of Arizona, 581 
Petroleum, 555-556 
shales, 622 
Petrology, 4, 330 
Phacolites, 317 
Phacops bufo, 540* 

Phenocrysts, 327 
PhiUipsia major, 558* 

Phonolite, 333 
Phororhacos, 626,* 628 
Phosphates, 174 
Phosphorescence, 116 
Phosphorus, in life, 113 
Phyla, 474 
Phyllites, 346, 347 
Physical Ecology, definition of, 5 
Physiograi)hic provinces of U. S., 267-269 
Physiography, definition of, 4 
Pictoii coal field, 552 
Piedmont glaciers, 124, 126, 127* 
Province of U. S., 267,* 268 
Piltdown man, 659 
Pinal schists, 495 
Pineal eye, 573 
Pisces, spiral nebula in, 487* 

Pisolite, 292,* 293 
Pitchstone, 209, 329, 333 
Pithecanthropus erectus, 659, 663 
Placentals, 630 
Placer gold of Alaska, 434 
of Australia, 434 
of California, 434 
of Klondyke, 434 
mining, 44, 433-435 
ore deposits, 420, 421, 433-435 
Plagioclase, 441, 442 
Plains, 266 
alluvial, 58 
interior, 459 

of marine denudation, 101 
river, 66 

Planation, lateral, by rivers, 67 
Planetesimal hypothesis, 264, 487-488 
Planctoidal theory, of earth origin, 488- 
489 

Planets, 258, 486-487 
Plankton, 113, 116, 460 
Planoliles corrugatus, 505* 

Plants, 474 

and climate, 539, 543 
chemical work of, 171-173 
composition of, 175 
flowering, 459, 478, 578, 605, 613 
Age of, 482 

geologic duration of, 472* 
geologic work of, 171-174, 175-182 
in oceans, 114 


Plants, land, 113,483, 511, 521, 531, 542,* 
557, 568-570, 597 
marine, 461 

mechanical work of, 173-174 
medieval. Age of, 482 
phyletic interrelationships of, 472* 
seed-bearing, 570, 577 
spore-bearing, 569 
time origins of, 472* 

Plateau region, fault-line scarps in, 370 
Plateau-forming movements, 375-377, 
404 

Plateaus, 241, 266, 374, 375 
dissected, 376 
ice, 126 
lava, 221 
submarine, 241 

Platforms, submarine, 63, 188, 189, 190 
Platinum, 332, 413, 422, 423, 434 
of Ural Mts., Russia, 435 
Platis, 458 

Platyceras angulatum, 530* 

Plaiycrinus symmctricus, 546* 
Plalystrophia laticosta, 522* 

Plcctoccras (?) occidcntalc, 522* 

Pleistocene period, 240, 482, 618, 623, 
624, 625, 626, 633, 634, 640, 642, 643, 
644-()54, 663 

Plesiosaurs, 585, 615, 616* 

Pliocene period, 482, 618, (>19, 620,* 621, 
623, 624, 625, 632, 633, 634, 640, 642, 
643, 663 

Plucking, by glaciers, 134, 138, 139 
Plugs, 390 

Polar current, 93,* 94 
Ponds, 60, 109 

Porosity of rocks, 154, 155, 158 
of soil, 155 

Porphyiy, 326, 327, 328, 332-333, 356, 
441 

Portage time, 535* 

Positive elements, lands as, 243 

movements, in lithosphere, 236-238, 
240-241, 242, 386, 395, 396, 457 
Potash, in igneous rocks, 323 
in life, 25 

Potassium oxide, 201 
sulphate, 46, 91 
Pot-holes, 57, 58* 

Potomac formation, 605, 606,* 615 
Pottery, first, 661 
Pressure, and metamori)hism, 336 
effect of, in ore deposition, 417 
in rocks, 279 
Primary formations, 577 
ore deposits, 420 
Primates, 482, 617, 655-657 
Proboscidea, see elephants 
Prodigality of Nature, 470-471 
Productella hirsuta, 540* 

Productus, 547 
cora, 558* 
nebraskaensis, 558* 


























Productus, punctatm, 558* 
seinireiiculalus, 558* 

Promerycochoerus carrikcri, G33* 
Proterozoic era, 467,* 480, 484, 485,* 491, 
493,* 498-505 
Protitanotherium, 638 
Protohippus, 636* 

Protolepidodcndron primcevum, 542* 
Protorohippas, 636* 

Protowai'lhia caiicellata, 522* 

Protozoa, 504, 546,* 558,* 559 
Provinces, physiographic, of U. S., 

269 

Psaronius, 539 
Pscudomonotis haivni, 558* 
suhcircalarifi , 584* 

Pseucloinorphs, 477, 478* 

Psilophyton princeps, 542* 

Psychozoic era, 480, 482, 629 
Pteranodon, 593, 616,* 617 
Pteras pis rost rata, 541* 

Ptcrichthys milleri, 541* 

Pteridosperms, 570 
Pterinea demissa, 522* 

Jlahellum, 540* 

Pterodactyls, 593, ()16* 

Pterygotus huffaloensis, 531 
Ptychoparia kingi, 512* 

Pudding-stone, 282 
Puniice, 207, 329, 333 
Putrefaction, 476 
Pyramid Lake, 87 
Pyrenees, 625 
Pyrite, 174, 452 
gold-hearing, 412 
Py ropy is hairdi, 614* 

Pyroxene, 325, 329, 331, 332, 349, 353, 
437 

description of, 447 


Quarries, jointing in, 356 
Quartz, 28, 273, 274, 281, 325, 328, 329, 
330, 331, 332, 333, 340, 346, 353, 
437, 448-449 
-diorite, 333 
“Quartz” veins, 427 

Quartzite, 279,* 340, 345, 346, 347, 352, 
449 

Quaternary era, 618 
Quicksilver, 431: 
of California, 419 

R 

Raccoons, 633 
Radio-activity, 223, 264 
Radiolarians, 292, 504 
Radium, 413, 484, 490 
Rafinesquina alternata, 522* 
expansa, 514* 

Rain, 490 

and running water, 31-78 
-drop impressions, 285 


Rain, -pitting, 586* 
wash, 32, 33,* 35, 36 
Rainfall, 31-32 
Rancho La Brea, 652* 

Ranges, see mountains 
Ravines, 32, 37, 53 
Reason, Age of, 629 
Recent time, 482, 618, 

Records, lost, 4()9, 481 
Re-creations, theory of, 469 
Red l)eds, 552, 553, 5()1, 598* 
clay, of ocean bottom, 115, 116 
Reef-corals, 182 
Reefs, algal, 504 
barrier, 185 

origin of, 186-190 

coral, 183-190, 419, 520, 527, 534, 543, 
546,* 578, 583, 601, 602,* 617, 650 
sand, 107* 
sponge, 601 

Regolith = result of erosion, 32 
Reid, 11. F., 24(5, 253, 256, 257 
Reindeer, 648 
epoch of, 661 

Rejuvenated mountains, 403 
rivers, 54, 77 
Relic lakes, 80, 87, 462* 

Religion, 663 
Replacement, 418 

ore deposits, 421, 428-431 
Reptiles, 459, 460, 473, 483, 559, 567, 
574,* 575-576, 581,* 597, 601 
Age of, 482, 577, 588 
flying, 593, 616,* 617 
land, 588-593 
marine, 583, 615, 616,* 617 
Residual bowld(‘rs, 28,* 29,* 30 

concentrations, ore deposits, 421, 435 
enrichment, in ore deposits, 435B 
Residuals, 71 
Revolutions, 480 

Ai)palachian, 480, 483, 563-564 
C'ascadian, 480, 482, 623-625 
Crand (kinyon-Killarney, 484, 502 
Laramide, 482, 484, 495, 611 -612, 623 
Laurentian, 484, 495 
Rhamphorhynchus pfiyUurus, 593* 

Rhine Valley, 225, 366 
Rhinoceroses, 630, 632, 634, 639-640 
Rhodochrosite, 412 
Rhone glacier, 126, 138* 

RJiynrlwtrema capax, 522* 

Rhynchotreta americana, 530* 

Rhynia, 568 
Rhyolite, 333 
Ria shore-lines, 105 
Ribbon structure, in veins, 426 
Richmond time, 517,* 518 
Ridges, j)arallel, 407 
synclinal, 404 
Rif Mts., 625 

Rift Valley, East .\frica, 225, 241, 354 
366, 370 
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Rifts, in rocks, 354, 358 
Rill-iiuirks, 289 
Rills, 32 

Ripple-marks, 14, 15, 288-289 
Rivers, 31, 37-78 
accordant, 54 
aj^grading, 59 
antecedent, 7G, 77, 240 
burden of, 40, 41-49 
channels, below sea level, 70 
conse(iuent, 75, 7G* 
constructive work of, 57-G8 
currents, 38, 40, 42 
deposits of, 58, G8 
destructive work of, 38-57 
dismembered, 72 
distributaries of, GO 
drowned, 71,* 72 
entrenched, 74 
flats of, 58 
glacial, 135 
graded, 48 
gradient of, 37, 38* 
history of, G9-78 
ice of, 119 

master streams, 7G, 77, 404 
meanders in, G4, G5,* GG,* 74, 75 
]dains, work on, GG 
rejuvenated, 54, 73, 77 
salts in, 45, IGl 
solution materials in, 45 
subglacial, 135, 137* 
subseciiient, 75, 7G* 
superimposed, 77 
swiftness in, law of, 40 
terraces of, 19, G7-G8, 72, 73* 
traction in, 45 

transportation by, 40, 41-49 
trenching of, 38, 49 
tributaries of, 54 
underground, 1G4 
valleys, 49-57, 154* 

Robinson, H. II., 301 
Roches moutonnees, 140 
Rochester shale, 528* 

Rock-flowage, zone of, 338 
-glaeier-s, 118, 119,* 170 
-minerals, 438-452 
-pillars, 3G* 

-salt, 284, 437, 449, 527 
-sheets, thrusting of, in Alps, 391,* 392 
-slides, 23 
-streams, 170 
-trains, 118 
Rocking stones, 14G 

Rocks, see also igneous, sedimentary, 
metamor phic 
arenaceous, 281 
argillaceous, 281 
buckling in, 21 
calcareous, 281 

cementation in, 164, 1G5, 172, 279, 338, 
339 


Rocks, classification of, 269 
colors of, in deserts, 172 
columnar structure in, 357 
continental, 344 
contraction in, 21 
creep of, 32, 118, 170 
decay of, 12 
decomposition of, 25 
definition of, 2G9 
dip of, 299-300 

disintegration of, 13, 21, 23,* 25 

effect of climate on, 20-23 

effusive, 313 

exfoliation in, 21, 22* 

expansion in, 21 

extrusive, 313, 320-322 

glaciated, 98, 140, 141* 

glassy, 333-334 

in solution, 45 

intrusive, 313-320 

jointed, 41 

matrix of, 327 

moved by ice, 120 

porosity of, 154, 155, 158 

primary, 312 

rifts in, 354, 358 

schistose, 340 

spouting, 98 

stratified, 355, 3G4; see also strata 

strike of, 299-300 

study of, 330 

texture of, 350 

volcanic, 313 

weathering in, 20-23 

Rocky Mountain gcosyncline, 466, 597, 
GOO,* G07* 

System, 267,* 268, 269 
Mts., 322, 3G7, 373, 386, 390, 407, 4G6, 
GIO,* G12, G23 
Rodents, 631, 632, 654 
Ruminants, 630, 632 
Run-off of rainfall, 31-32 
Rushes, 539, 556,* 569, 581,* 585, 613 

S 

Sabre-tooth tiger, 633, 634, 648, 652,* 654 
Sageeeras gahbi, 584* 

St. Lawrence, Gulf of, 461, 650 
St. Lawrencic geosyncline, 465,* 466, 534, 
536 

St. Peter sandstone, water in, 159 
Salamander, 574* 

Salina time, 526* 

Salinas, 84 

Salisbury, R. D., 295 
Salt, 173, 461, 526,* 527, 529, 552, 561, 
563 

lakes, 83,* 84-89, 169 
detached, 86 
history of, 87 
rock-, 284, 437, 449 
Saltation in river transportation, 45 
Salton Sea, 88 



















688 


INDEX 


Salts, alum, 234 

as aid in settling muds, 42 
deposition of, 21 
in desert deposits, 84, 169 
in igneous rocks, 323 
in ocean water, 91 
in rivers, 45, 161 

San Andreas Rift, 244,* 245, 354, 623 
San Angel, Mexico, man of, 6()2 
San Francisco earthquake, 244-246, 247,* 
248, 249* 

San Francisco Mt., 210, 223 
Sand, 28, 29, 40, 48, 106, 107, 112, 273, 
280 

-blasting, 13 
-dunes, 288, 290 
porosity of, 155 
-reef, barrier, 107* 

-storms, 14 

Sandstone, 162, 280, 281, 282-283, 289, 
293, 309, 449 
bedded, 273* 
calcareous, 164 
metamorphosed, 345, 352 
porosity of, 155, 157 
Saratoga Si)rings, N. Y., 157, 166 
Sargasso Sea, 93 

Sauropods, 588, 589-590, 601, 615 
Scale trees, 569 

Scandinavia, as rising land, 238 
Scaphites nodosua, 614* 

Schist, 340, 345, 34(), 347, 348-349, 389 
Schistose texture of rocks, 340 
Schizodus harii, 558* 

Schroederoccras eatoni, 522* 

Scoria, volcanic, 208, 329 
Scori)ion-flies, 601 
Scorpions, 483, 531, 557, 568 
Scour, ])y currents, 188 
tidal, 96, 109 
Sea-caves, 98, 236* 

-cliffs, 99, 100, 101 
-cows, 627, 648 
-level, 90, 91 
-lions, 627 

-terraces, 98, 99, 650 
-urchins, 546,* 548, 613 
Seal trees, 556,* 569 
Seals, 87, 627 

Seas, 460-4()3; see also palcogeography 
as environments, 461-463 
characters of, 112 
deltas in, ()3 

epeiric, 111-112, 461, 462,* 509; see 
also palcogcograph y 
epicontinental, 90 
mediterraneans, 112 
periodic, 463-464 
salt in, 461 

shallow, life of, 112-113 
shelf, 90, 461, 462,* 609, 619-622 
sunlight in, 461 
tides in, 96 


Seaweeds, 112, 491, 521 
Secondary enrichment zone, 435A, 435C 
precipitation of sulphides in, 435C 
formations, 577 

ore deposits, 420, 421, 432-435 
sulphides, 435( ■ 

Sedimentary cycles, 481 
ore deposits, 420, 423-424 
rocks, 271-311; see also sediments, 
deposits, beds, and strata 
colors of, 172 
kinds of, 280-284 

Sedimentation, 271-311; see also sedi¬ 
ments 

Sediments, consolidation of, 279 
first, 494 
fresh-water, 239 
in geosynclines, 306 
in lakes, 80 
in solution, 41 
in suspension, 41, 42 
marine, 92, 239, 461, 464 
origin of, 345 
rate of settling of, 42 
source of, 32 

tliickness of, 294, 295, 379 
Seed-bearing plants, 570, 577 
-ferns, 542 

Seei)age, of water, 156 
Seismic Ixdts, 249-252 
Seismograms, 253, 254 
Seismographs, 253 
Seismology, 243 
Selenite, 443 
Selvage, in ores, 426* 

Semi-arid regions, 21, 31 
Septaria, 292 
Seracs, 133 
Sericite, 442 

Serpentine, 340, 346, 349, 437, 447, 495 
description of, 449 
Seri)ula), 191 

Shale, 280, 281, 283, 293, 309, 355 
])edded, 273* 
nietamorj)hosed, 345, 352 
water in, 155, 157 
Shallow-water region. 111 
Shallow waters, characters of, 112 
Sharks, 483, 539, 541,* 548-549, 571 
Shastan Sea, 604, 605, 609 
Shearing, in metamorphism, 337 
Sheets, 356 

extrusive, 320, 322,* 332 
intrusive, 315, 318, 322,* 327, 328, 332, 
357, 390, 397 

Shelf seas, 90, 4(51, 4(52,* 609, 619-622 
Shell limestone, 190, 192 
Shells, nature of, 190 
Shields, 458-459 
Arnazonis, 458, 612 
Raltis, 458, 538, 5(54,* 624 
C'ana(iian, 458, 465,* 492, 493,* 495, 
496, 538 
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Shields, Coliiml:>is, 458, 465,* 468 
Giiianis, 458 
Phitis, 458 

Shinarumi) conglomerate, 580 
Shingle, 106 
Shoals, 110 

Shock, of earthquakes, effect of, 246 
Shore platforms, 99, 101 
Shore-lines, ancient, 294 
elevated, 101 
ria, 105 

Shores, work of waves along, 97 
vShove, of faults, 247,* 363, 364 
Shrinkage of earth, 222, 223, 260, 394, 395 
Siberia-Alaska land bridge, 622, 632, 634 
Siderite, 181, 284, 412, 413, 437 
description of, 449 
Sierra-C’ascade Mts., 267,* 269 
Sierra Nevada Mts., 382, 599, 600,* 607, 
623 

Sigillaria, 556* 

Silica, 46, 165, 169, 201, 231, 233, 280, 
292, 323, 328, 347, 353 
in life, 113 

Silicate minerals, 410 
Silicates, 338, 340 
hydrated, 438 
Siliceous sinter, 233 
Sills, 315 

Silt, 28, 48, 274, 280 
metamori)hosed, 345 
Silurian period, 481, 483, 485,* 525-533 
Silver, 333, 412, 414, 450, 501 
minerals, 410, 411, 435(' 
native, 412, 435(\ 450 
of ('oeur d’Alene district, Idaho, 430 
of Lcadville, (’olo., 430 
Spring, Fla., 164 
sulphide, 451 
Sink-holes, 163 
Sinter, calcareous, 168 
siliceous, 233 
Siouis, 465* 

Siren laccrlina, 574* 

Skull, proboscidean, 641* 

Slate, 342-343, 345, 346, 347-348, 358, 
439 

Slickensides, 359 

Slide-rock, 23 

Slip, of faults, 362, 363* 

Slopes, slip-off, 74, 75* 
undercut, 74, 75* 

Sloths, 634, 648, 653,* 654 
Sniilodon, 652,* 654 
Smithsonitc, 412, 435C 
Snails, 524, 568, 597 
Snake River, lava fields, 221 
Snow fields, 120-123 
-line, 120, 648* 

Soapstone, 450 
Soda, in igneous rocks, 323 
Sodium carbonate, 86, 169 
chloride, 46, 85, 91, 169 


Sodium carbonate, oxide, 201 
sulphate, 46, 85, 169 
Soil, alluvial, 27* 
colluvial, 27* 
colors of, 29, 173 
creep of, 32, 118, 170 
effect of volcanic dust on, 204 
-formation, 20-30 
ice in, 118 
kinds of, 28 
mantle, 20, 32 
movements of, 27, 32 
porosity of, 155 
sub-, 27 
-waste, 33 
Solar nebula, 487 
system, 486-487 
Solenhofen, Germany, 601 
Soleniscus fusiformia, 558* 

Solcnochciliis kcntuckienae, 559* 

Solfataras, 226, 227 
Solution, 160-161 

materials, in rivers, 45 
volume of matter removed by, 161 
Solutions in metamorphism, 337 
Solutrean man, 662 
Sonora eartluiuake, 248 
Sonoric embaynient, 465* 

Sounds, 108 

South America, mammals in, 634 
Georgia, 344 

Special creation, theory of, 469, 470 
Species, 474 

Specific gravity, in transportation, 44 
Sphagnum moss, 177 
Sphalerite, 412 
Sphenodon, 573 
Spherulites, 334 
Spiders, 568 
Spiral nebula, 487 
Spirifer arenosus, 540* 
cameratus, 558* 
crispus, 530* 
mcdialis, 540* 

pennatus (rnucrojiatus), 540* 
radiatus, 530* 
striatus, 514* 

Spits, 108-110, 290 
Sponges, 292, 504, 511, 522,* 601 
Spore-bearing jdants, 569 
Spores, 557, 569 
Spouting rocks, 98 

Springs, 31, 153, 154, 156-159, 164, 228- 
233, 358 
]x)iling, 228-233 
car])onatcd, 228 
deposits by, 165, 167, 168 
fissure, 157, 228 
hoG, 166, 226, 228-234 
mineral, 157 
volcanic, 205 
warm, 157, 228 
diatoms in, 180 
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Spurs, in valleys, 51, 74, 142, 143* 

Squids, 523, 603 

Squirrels, 632 

Stacks, 101 

Staghorn corals, 182 

Stag-moose, 654 

Stalactites, 166, 167* 

Stalagmites, 166, 167* 

Stanley time, 547, 551* 

Staurocephalus murchisoni, 530* 
Staiirolites, 340 
Steatite, 450 

vStegocephalia, 556,* 573, 574,* 580, 585 
Stegodon, 641* 

Stegosaurs, 591-592 
Stenotheca rugosa, 512* 

Steropoides diversus, 586* 
vSting-ray, 622 

Stocks, 316, 319, 320, 322,* 327, 328, 331, 
332, 374, 390, 397 
contact zones in, 351 
of animals, vanishing of, 617 
Stony corals, 182 
Storm waves, 96 
Storms, 11 
sand-, 14 

Strand-lines, 236, 463 
elevated, 237 

Strata, 271; see also beds, sediments^ and 
aedimcnlary rocks 
deformation of, 296-306, 379 
thickness of, 294, 295, 379 
Stratification, 113, 271-274 
in river deposits, 68 
Stratified rocks, faults in, 364 
joints in, 355 

Stratigraphic Geology, 461, 590 
Streams, see also rivers 
accordant, 54 
aggrading, 59 
erosion of, 33, 38-41 
master, 7(), 77, 404 
regulation of, hy forests, 34 
Stria?, glacial, 140, 141,* 144 
Strike, of faults, 359 
of rocks, 299-300 
of veins, 427 
Strike-faults, 364-365 
-joints, 356 
-slip, of faults, 363 
Strophornena planumhona, 522* 
Strophoslylus cyclostomus, 530* 

Structural Geology, definition of, 5 
Structure, and topography, 405 
fissile, 283 

Struggle for existence, 459, 470, 534, 571— 
572 

Subglacial material, 134 
streams, 135, 137* 

Submarine jilateaus, 241 
platforms, 63, 188, 189, 190 
ridges, volcanoes on, 219 
Submergence, 106, 308-309 


Submergence, conglomerates of, 300 
Subsequent ore deposits, 420, 424-432 
rivers, 75, 76* 

Subsidence, 187, 188, 238-243, 244, 380 
and sedimentation, 239 
of Atlantic border, 238 
theory, of origin of reefs, 187 
Sudburian series, 484, 498 
Suess, E., 387 
Sulphate minerals, 410, 411 
Sulphates, 174 
ferric, 435A 
in sea water, 174 
in sedimentaries, 437 
Sul])hidc minerals, 410, 411 
Sulphides, preciiiitation of, in secondai’y 
enrichment zone, 435C 
secondary, 435G 
Sulphur, 169, 203, 228, 234 
Sun, 258 

as sour(!C of earth’s exterior energy, 140 
-cracks, 286 
effect of, on ocean, 92 
heat, varial)ility in, 651 
origin of, 486-487 
tidal effect of, on earth, 94 
Sunlight, 461, 490, 491 
Superglacial material, 134 
Superior Upland, of U. S., 267,* 268 
Superposition, 296, 480 
Surf, 96 

Swamps, 58, 82, 154,* 178 
reclamation of, 180 
southern, 177 
tropical, 178 
Syenite, 329, 331, 333 
-lionihyry, 329 

Synclines, 297, 298,* 301, 302, 303, 304 
and erosion, 404-407 
Synclinoria, 306, 396 
Syringopora, 532 
Systems, 463 

T 

Table rocks, 103 
Tabiilata, 531 
Taconic disturbance, 520 
Talc, 340, 437, 450 
-schist, 346, 349 
Talchir beds, 565 
Talus, 23, 24,* 118, 185 
trains, 170 

Tangential pressure, in orogeny, 382 
Tapirs, 630, 632, 648 
Teeth, horse, 635, 636* 
lujimmalian, 632 
milk, 629 

jiroboscidcan, 641* 
shark, 549* 

Temperate waters, life in, 113 
Temperature, effect of, in ore deiiosition, 
417, 418 
on rock, 20-23 
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Temperature, isogeotherms, 262 
Teniiesseiaii epoch, 545-547 
Tenor of ore, 414 
Tension, and faulting, 370-372 
Terebratella plicata, 614* 

Terebmtula harlani, 614* 

Termites, 601 
Terraces, lake, 87,* 88 
river, 19, 67-68, 72, 73* 
wave-built, 100 
wave-cut, 98, 99 
well, 154* 

Terrigenous deposits, 112, 278 
Tertiary era, 577,618; see also Cenozoic era 
Tethys, 459, 564-565, 567, 583, 625 
Tetracorals, 483, 531-532 
Tctralophodon, 642 
Texture of rocks, change in, 350 
Thalwegs, underground, 154,* 156 
Thccosmilia trichotoma, 602* 

Theriodontia, 576 
Thermal etiuilibrium, 395, 396 
Theropods, 589 
Thinopus, 539, 571 
Thorium, 264 

Thousand-legs, 531, 557, 568 
Throw f)f faults, 363 

Thrust-faults, 366-367, 388, 389, 390-393 

Thrust-plane, 367 

Thrusts in orogeny, 386-388 

Thulean basalts, 625 

Tibet, 625 

Tidal bores, 96 

currents, 94, 105, 110 
flats, 108 

marshes, 104,* 105 
retardation, 259 
scour, 96, 109 
time, 94 

waves, caused by earthquakes, 252 
Tides, 94-96 

as records of eartlniuakes, 252 
effect of, on earth, 259 
height of, 94, 95,* 96 
Tillites, 503,* 529, 565, 626, 646 
Tills, glacial, 145, 147, 282, 646 
Tilting of lakes, 240 
Time clock, geologic, 484 
Time, effect of, on rock consolidation, 280 
element of, in geology, 5 
geologic, length of, 7, 47, 455 
in relation to metamorphism, 344 
table, geologic, 482-484 
Tin of Cornwall, England, 419, 434 
ddrolites time, 582* 

Titanium, 423 
Titanotheres, 638-639 
Tools, Neolithic, 658 
Topographic maturity, 69 
youth, 57, 69, 81 
Topography, and structure, 405 

development of, in inclined beds, 406,* 
407 


North American, changes in, 464-468 
Topset beds, in deltas, 277, 295 
Torosaurus, 592 
Tourmaline, 351 
Trachodon, 591* 

Trachyte, 333 

Tracks, of animals, in rocks, 286 
submarine, 287 
Trade winds, 11, 93 
Transportation, 38 
by rivers, 40, 41-49 
l)y winds, 12, 13 
glacial, 138, 144 
tidal, 96 

Transvaal ice-sheet, 565 
Trap, 316, 332, 580, 612 
Travertine, 167, 233 
Tree-ferns, 124, 556,* 569 
Trees, Miocene, 627* 

Trematops milleri, 574* 

Trenching of rivers, 38, 49 
Trenton time, 518 
TriarthrHS bccki, 513* 

Triassic i)eriod, 377-378, 482, 485,* 577, 
578-587 

Triceratops, 588,* 592 
Trilolhtes, 478, 483, 505, 511-514, 521, 
522,* 529, 530,* 539, 540,* 547, 558,* 
566 

Trilophodon, 642 
Triplccia extans, 522* 

Tripolite, 181 
Triticites seealicus, 558* 

Trochonema umbilicatum, 522* 
Troostocrinus reimeardti, 530* 

Tropical waters, life in, 113 
Tropidolcptus carinatus, 540* 
Tropigastriles I'othpletzi, 584* 

Tropites subbullatus, 584* 

Troughs, 366 
Tsunamis, 252 

Tufa, calcareous, 85,* 86, 168, 233 
Tuffs, sulmuirine, 321 

volcanic, 213, 214, 321, 329, 346, 347, 
390 

Tundra, 177 
Tunnels, heat in, 262 
joints in, 356 
Tupungato, volcano, 195 
Turfs, peat in form of, 179 
Turritella whitei, 614* 

Turtles, 601 

Tyrannosaurus rex, 588,* 589, 615 
U 

Ulmic acid, 171 
Unconformities, 306-311 

angular, 307,* 308,* 310, 506 
classification of, 310 
disconformities, 311 
nonconformities, 311 
Underflow, 154,* 155 
Underfolds, 387 
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Underground water, 31, 153-170 

Undertow, 97, 107 

Uniformitarianisni, 7, 8 

United States Mts., 4G8 

United States, rate of rock removal in, 47 

Universe, 259 

Unkar formation, 501, 502* 

Upheaval in lands, 236-241 
Upper (h*etaceoiis time, 608-012 
Uranium, 223, 264, 395 

V 

Vadose water, 228, 236, 490 
Valley glaciers, 124, 125,* 135* 

Valleys, 49-57 
anticlinal, 404 
drowned, 104, 239 
glacial, 141-142, 148 
hanging, 141, 142,* 143* 
immature, 51 
incised, 73 
longitudinal, 47 
mature, 51 
river, 49-57, 154* 
spurs in, 51, 74, 142, 143* 
young, 50,* 51 
Valparaiso eartlKpiake, 252 
Van Rise, C. R., 339 
Vapors, in contact metamorphism, 350 
Variations, 470 
Varves, 504, 646 
Vaughan. T. W., 192 

on coral islands, 190 
Vegetable mold, 171, 172 
Vegetation, change of, into peat, 176-177 
effect of, on erosion, 33, 34* 
volcanic dust on, 204 
Veins, crustification in, 426 
dimensions of, 427 
dip of, 427 
fissure, 425-428 
foot-wall of, 427 
gold, in California, 427 
gold-quartz, 425 
hanging-wall of, 427 
horses in, 427 
roj^lacement, 429 
riblxin structure in, 426 
strike of, 427 

Velocity, of river currents, 40, 42 
of waves, 97 
“Verde antique,” 350 
Vero, man of, 662 
Vertebrates, first, 473 
land, rise of, 570-576 
Vestigial characters, 635 
Vesuvius, 196,* 199, 212, 214,* 216 
Vishnu series, 495, 502 
Vitrophyre, 329 
Volcanic agglomerate, 213, 215 

ashes, 204, 209, 213,* 321, 329, 343, 
476, 622 
belts, 250 


Volcanic agglomerate, bombs, 204, 208, 
321, 329 

breccias, 213, 214, 321, 329, 390 
cones, 209, 210 
dust, 19, 203, 204, 321 
eruptions, 194, 197-200 
explosive, 197, 321 
fissure, 221 
intermediate, 198 
(Iiiiet, 199, 202, 209, 320 
submarine, 220 

islands, 116, 185, 187, 188, 189, 219, 
220, 265 

lapilli, 204, 208, 209, 321 
necks, 215, 318, 319, 322,* 328, 332, 
358, 374, 536 
scoria, 208, 329 
tuffs, 272 

Volcanism, 166, 222-226, 390, 456, 501, 
536, 553, 578, 583, 597-599, 623; see 
also volcanoes 
first, 490 

Vohranoes, 194-221, 358, 374, 376, 518, 
527, 537,* 554, 582,* 598,* (ill, 612, 
()20,* (i22, ()23, 624 
age of, 216 

(rone-in-crater structure in, 212 

definition of, 194 

dissection of, 214 

distrilnition of, 217-222 

exjilosive, 197, 202, 321 

extinct, 215 

form of, 195 

gases in, 197, 202-203 

girdle of, around Pacific, 217-219 

mud, 214, 229,* 230 

nitrogen in, 203 

on submarine ridges, 219 

origin of, 222-226, 390 

jiroducts of, 202-209 

rebuilt, 211 

relation of, to magmas, 200 
s])rings in, 205 
water of, 203, 224 
weathering in, 214 
Vosges land mass, 387 
A'ugs, 426 

W 

Waa(jenoceras cumminsi, 559* 

Walrus, 4()0, (>48 
Warm-blooded animals, 629 
Warping, as cause of change of water- 
level, 190 

as cause of lake origin, 79 
of Creat Lakes region, 240 
of lands, 240, 463 
Wasatch formation, (i30 
Washita time, 60()* 

Wasps, 578 

Waste of lands, 32, 272 
Water, atmospheric, solvent action of, 
162 
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Water, chemical work of, 23, 153, 15;)- 
104 

expansion of, 118 
freezing point of, 132 
ground-, 153, 159-1()9, 233, 338, 339 
geologic work of, 159-109 
motions of, 155 
situation of, 153 
hard, 102 
“head” of, 158 
in metamorphism, 337 
juvenile, 100, 224-225, 410, 490 
-level, changes in, 101, 190 
magmatic, 224-225, 228, 410 
meteoric, 410 
muddy, cause of, 32, 33 
of volcanoes, 224 
running, work of, 37-78 
solvent iiower of, 23, 25, 100 
-talile, 154, 156* 
underground, 31, 153-170 
mechanical work of, 109 
vadose, 228, 230, 490 
vapor, 10, 328 
in atmosphere, 9 
in volcanoes, 203 
Waterfalls, 54-57 
\\'ave-l)uilt terraces, 100 
-cut terraces, 98, 99 
-marks, 289 
^^'averlian epoch, 545 
Waves, 90-97 

deptli of penetration of, 97 
erosion liy, 98-102 
storm, lengtli of, 90 
tidal, 252 
velocity of, 97 
^Wapons, human, 058 
A\'easels, 033 

A^'eathering, 12, 20-23, 38 
chemical work in, 23 
in volcanoes, 214 
zone of, 105, 338 
Weed, W. H., 234 
W'ell terraces, 154* 


Wells, 154 

artesian, 157, 158-159 
deep, examples of, 159 
Whales, 400, 027 
White Mts., 530 
Whitewater period, 484 
WJiitfieldella nitida, 530* 

Wichita Mts., 553 
Wilcox time, 020* 

Wind belts, 11 

effect of, on ocean, 92 
Wind River formation, 030 
Winds, destructive work of, 13 
trade, 11, 93 

transiiortation by, 12, 13 
westerlies, 11, 94 
Windsor Disturbance, 547 
series, 545, 554 
\\’()llastonite, 353 

Woolly mammoth, 040, 642,* 643, 648, 
651, 002* 

^^\>rms, 292, 504, 505* 
calcareous, 191 
Worthenia tabulata, 558* 

Wyandotte ('ave, Ind., 164 
Wyoming Basin, 207,* 269 

Y 

Yellow' Sea, 461 
Yellowstone Lake, 81 

Park, 227-228, 231-232, 233, 390 
Yidvonis, 405* 

Z 

Zaphrentis imihonata, 532* 

Zebras, 035 
Zeiajlodon, 027 
Zinc, 412, 413, 414 
minerals, 410 

of Franklin Furnace, N. J., 435D 
of Leadville, (’olo., 430 
of Mississippi Valley, 410, 428 
of Wisconsin, 428 
ZiUelella typicalis, 522* 

Zone of flowage, 415 
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